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To date attempts to infect chicks and chickens with the virus of 
herpes simplex have been unsuccessful. Recent work in this labora- 
tory has proved the susceptibility of the extra-embryonic mem- 
branes of the chick to the viruses of fowl-pox, cow-pox and herpes 
simplex.! This paper is a more detailed account of the experiments 
dealing with herpes simplex. 

Fertile white leghorn eggs are incubated in the usual manner for 
12 to 14 days. The eggs are then candled to locate the embryo and 
air sac. Each of these is ringed with a colored pencil. The surface of 
the shell overlying the embryo is carefully cleansed with green soap. 
By means of a cutting carborundum disc attached by a flexible 
shaft to a small electric motor a square window 1 to 1.5 cm. in diame- 
ter is cut in the shell over the embryo. The window is then coated 
with a thin layer of paraffin and gently stripped from the underlying 
shell membrane. Exercising diligent aseptic precautions the under- 
lying shell membrane is removed by cutting around the edges of the 
window with blunt pointed scissors. This exposes the extra- 
embryonic membranes, the chorion being uppermost. This mem- 
brane may then be easily inoculated. By means of a transfusion 
syringe filled with a mixture of sterile paraffin and vaseline the edges 
of the window are ringed, a sterile coverslip is placed over the 
opening and the edges sealed with a hot needle. 

The herpetic virus used in this work was the HF strain obtained 
from the Rockefeller Institute. Glycerinated brain was emulsified 
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and inoculated intracerebrally into a rabbit which was killed 4 
days after developing a typical herpetic encephalitis. The brain was 
removed aseptically and preserved fresh in the ice-box, as well as in 
glycerin. Small fragments of fresh brain (approximately 1 mm. 
cubes) were used for inoculation. Transplants were made after 48 
hours by removing the membrane sterilly and introducing fragments 
of the infected membrane into other eggs. It was found that this 
method was rather tedious, consequently an attempt was made to 
inoculate eggs by using ground, emulsified brain and to transplant 
by inoculating ground, emulsified membranes, with the result that 
more abundant infections developed. The virus has been carried 
through six generations in the chick membranes. 

In experiments using tissue fragments for inoculation changes may 
be noted in the chorio-allantoic membranes within 12 hours. The 
first change is a congestion of the vessels. Within 24 hours one sees 
around the bit of inoculum a rather opaque, grayish red zone which 
spreads peripherally. Careful examination at this time reveals 
within and around this zone minute grayish opacities just visible at a 
magnification of 30 diameters. These are particularly abundant 
along the course of the blood vessels. At 36 hours well defined, 
raised, grayish opacities, some of which are more than 1 mm. in 
diameter, are visible to the naked eye. As the lesion progresses these 
smaller areas tend to coalesce so that at the end of 72 to 96 hours the 
whole of the exposed membrane may be involved. Inoculation of 
ground, emulsified material leads to similar lesions. This method, 
however, provokes a more diffuse reaction which develops more 
rapidly. By either method the lesions are focal in distribution. 

In this work some of the embryos die, due presumably to trauma. 
A large percentage of those that survived the inoculation were 
sacrificed at 2, 3, or 4 days for histological study and for further 
transfers. A few were allowed to run their course undisturbed. In 
some the process involved the membranes extensively and led to the 
death of the embryo; in others the involvement was less extensive 
and the chick hatched in the usual manner. Such chicks showed no 
gross changes. Examination of embryos which died also showed no 
changes. At other times the lesions developed in the usual manner 
and then regressed, ending in complete gross resolution. One egg 
which showed typical gross lesions with subsequent complete reso- 
lution was reinoculated, resulting in another characteristic “take.” 
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For microscopic study the membranes were fixed in Zenker’s solu- 
tion and stained with hematoxylin and eosin or with eosin and 
methylene blue. The vessels throughout the entire membrane ap- 
pear congested and there is some hemorrhage. There is a marked 
polymorphonuclear leukocytic reaction beneath the ectoderm of the 
chorion. In addition one sees large mononuclear leukocytes scat- 
tered here and there. In older lesions, particularly those in which 
tissue fragments served as the inoculum, there are many fibroblasts. 
In one instance there is a marked hyperplasia of ectoderm with a 
minimal amount of necrosis. In another, necrosis is the important 
feature and there is little or no hyperplasia. In any event some of 
the cells which remain show the characteristic intranuclear changes 
of infection due to the virus of herpes simplex. 

Within the nuclei of ectodermal cells one sees inclusions of differ- 
ent size, homogeneity and staining reaction. This type of change is 
usually seen in groups of cells which correspond to the focal lesions 
noted in the gross, but it may be observed in isolated cells. The 
nucleus is almost invariably swollen and the chromatic material is 
collected along the nuclear membrane. Within such cells one sees 
usually one, but sometimes two or more intranuclear masses distinct 
from the nucleoli. Some of these bodies are quite small, no larger 
than nucleoli, others are so large that they almost completely fill the 
greatly swollen nuclei. They are separated from the nuclear mem- 
brane by a clear zone, and are acidophilic in reaction. The smaller 
bodies appear to be composed of minute granules, while the larger 
ones are more homogeneous and hyaline in appearance. The largest 
inclusions stain basophilically and under high magnification appear 
to be composed of closely packed, minute, basophilic granules. 
Within other nuclei the inclusion may completely fill the nuclear 
space. These inclusions stain faintly and appear very finely granu- 
lar. Such nuclei may become exceedingly large, sometimes attaining 
a volume considerably greater than that of the entire normal cell. 
In these nuclei there is a delicate bluish reticulum which appears to 
divide the nucleus into many small compartments. These compart- 
ments are filled with minute, almost invisible, lavender granules. 
The cytoplasm of these cells shows few if any changes. Occasionally 
it appears foamy, but this is not the rule. 
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DISCUSSION 


It is of considerable interest that one is able to infect the chorio- 
allantoic membranes of white leghorn chick embryos with a strain of 
herpes simplex virus which is innocuous to adult white leghorn 
chickens both by corneal and by cutaneous inoculation. The gross 
lesions of the herpetic membranes are entirely comparable to those 
of the herpetic keratitis of rabbits. Specific intranuclear inclusions 
are seen in the cells of the infected membranes. Both eosinophilic 
and basophilic inclusions are present and are characteristic of the 
herpetic inclusions observed in other experimental animals. The 
peculiar reticulum and minute lavender granules within many of the 
swollen nuclei constitute a very interesting change somewhat sugges- 
tive of that described by Goodpasture and King,? and again by 
Goodpasture and Woodruff,’ in the cytoplasm of epithelial cells 
within the lesions of molluscum contagiosum. It has not been pos- 
sible, however, to demonstrate any ‘‘elementary corpuscles”’ similar 
to those described by Borrel in fowl-pox, by Lipschiitz in molluscum 
contagiosum, and by Paschen in vaccinia. 

It has been suggested by Goodpasture and his coworkers? that 
the method of inoculating chick embryos may be of value in the 
study of various other virus diseases, including those which have not 
been engrafted upon a foreign host. The fact that the embryonic 
membranes of the chick are more susceptible than baby or adult 
chicks points to such a conclusion. 


CONCLUSIONS 


1. The chorio-allantoic membranes of the chick embryo are 
susceptible to infection with a strain of herpes simplex virus which is 
innocuous to adult chickens of the same breed. 

2. The microscopic lesions of these membranes are like those of 
herpetic lesions of mammals. 

3. A peculiar nuclear change in ectodermal cells is described, 
characterized by enormous enlargement of the nucleus, and by a 
partitioning of it by delicate trabeculae into compartments which are 
filled by minute, uniform and faintly stained basophilic granules. 
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DESCRIPTION OF PLATES 


PLATE I 


Fic. 1. Gross photograph showing the glistening pox on the chorio-allantoic 
membrane of a 48 hour inoculated egg. x 1.5. 


Fic. 2. Photograph of portion of above membrane magnified eight times. 


Fic. 3. Photomicrograph of 36 hour membrane showing the diffuse, small, 
pox-like eruptions. x Io. 
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PLATE 2 


4. Photomicrograph of entire chorio-allantoic membrane at the site of a 
hyperplastic lesion. Inclusion bodies may be seen within the nuclei of 
epithelial cells. The inflammatory exudate beneath the lesion is also illus- 
trated. Eosin-methylene blue stain. x 200. 


5. Ectoderm of chorion showing several large, very finely granular inclu- 
sions which completely fill the nuclei. Eosin-methylene blue. x 1800. 


6. Ectoderm of chorion showing several smaller intranuclear inclusions 
which appear granular. Eosin-methylene blue. x 1800. 


7. Two large ectodermal cells from the hyperplastic chorion. The one on 
the right shows a poorly defined cytoplasm represented by the clear zone 
around the greatly enlarged nucleus. The dark staining reticulum is illus- 
trated. The finely granular material can be seen within the compartments 
formed by the interlacing trabeculae. The cell on the right shows the finely 
granular appearance of the large inclusions without the reticular material. 
Eosin-methylene blue. x 2300. 


8. Two intranuclear inclusions in the ectodermal cells of the chorion, 
similar to those in Fig. 2. Eosin-methylene blue. x 1800. 
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CELLULAR INCLUSIONS IN CEREBRAL LESIONS OF 
LETHARGIC ENCEPHALITIS * 


James R. Dawson, Jr., M.D. 


(From the Department of Pathology, Vanderbilt University Medical School, 
Nashville, Tenn.) 


In many of the articles dealing with encephalitis lethargica the 
previous work on the subject has been reviewed. Consequently no 
attempt will be made here to discuss the literature. Excellent sum- 
maries may be found in the papers of Zinsser,! von Economo,? and 
in the report of the Matheson Commission.’ 

Many investigators have implicated a filterable virus as the 
etiological factor in encephalitis lethargica, and some have claimed 
success in transmitting an encephalitis to experimental animals by 
the inoculation of brain or nasopharyngeal washings. In every in- 
stance, except one in which an encephalitis has been transmitted in 
series in experimental animals, the virus has been proved identical 
with that of herpes simplex. In the one exception the virus was 
that of rabies. Only nine strains of herpetic virus have been isolated 
from human encephalitis. It has been the experience of most work- 
ers that repeated inoculations of material from encephalitic patients 
have uniformly led to negative results. Furthermore, Flexner and 
Amoss ‘ have isolated a strain of herpes virus from the spinal fluid of 
a luetic patient in whom they found evidence neither of herpes nor 
of encephalitis. From the numerous negative results which have 
been published, and the large number which undoubtedly have not 
been published, it must be concluded that the isolation of a virus 
from cases of lethargic encephalitis infectious for laboratory animals 
is, at least, an unusual occurrence. The association of herpetic virus 
with human encephalitis seems, on the basis of available evidence, 
adventitious. 

At the present time, diseases having filterable viruses as etiological 
agents are for the most part characterized by certain cytological 
changes in their specific lesions. These may be in the form of inclu- 
sion bodies within the nucleus or the cytoplasm, hyperplasia of cells 
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or simply necrosis of individual cells. In spite of the fact that herpes 
simplex is characterized by definite intranuclear inclusion bodies, 
the workers who have implicated this virus in the etiology of human 
encephalitis have never demonstrated in human cases inclusions 
characteristic of herpetic infections. Herzog, Da Fano,*® and others 
have described vague intracellular bodies which are not at all typical 
of virus inclusions. 

It is the purpose of this paper to present a case of human encepha- 
litis, clinically encephalitis lethargica, in which intranuclear inclu- 
sion bodies were found. These inclusions are quite definite, and 
while they simulate in certain respects the inclusions associated with 
herpetic infections, there are certain morphological differences. 
Furthermore inoculations of brain tissue upon the cornea and in- 
tracerebrally in rabbits failed in every case to induce herpetic in- 
fection. 

REPORT OF CASE 


Clinical History: The patient, W. W., white, age 16 years, was brought to the 
Out-Patient Department July 18, 1931. His mother, who brought him to the 
clinic and gave the history, said that he had had a sunstroke. Additional points 
in the history were obtained by a social service worker. 

Sixteen months ago the patient was found on the street in an unconscious 
condition and was taken home. No other details could be obtained. Twelve 
months ago, while attending a boys’ camp, he is said to have had a sunstroke. 
He was taken to a hospital which recorded the presence of headache, sore 
throat, a diffuse rash over the body, temperature of 99° F, and clear spinal fluid 
under normal pressure with 14 cells. He recovered from this attack rapidly. 

Eight months ago he had a light attack of influenza, but did not go to bed and 
had no doctor. Two weeks ago while working in the sun with his father he sud- 
denly said, ‘‘I feel just like cussing you.’’ A few nights later his sister came 
home and said that the patient was in a park, acting queerly and staring at trees. 
About this time he started walking about at night, refused to undress, was quite 
nervous and smoked a great deal. One week before admission he began having 
involuntary jerking movements of the arms and legs. Other information ob- 
tained without definite dates of onset was that he had gradually become very 
slow and deliberate in his movements and his memory had failed considerably. 
He was referred to as ‘‘the boy who slept standing up” by one of his recent 
employers. For some time he had had diplopia. 

On admission to the Vanderbilt Hospital his temperature was 90° F, pulse 32, 
respirations 20. He was well developed and nourished. Voluntary movements 
and speech were slow and deliberate. The face had a typical mask appearance. 
During the examination he got out of bed several times and walked around the 
room. In walking the head was bent slightly forward. Occasionally there was 
an involuntary, convulsive jerking of the arms and legs. The head presented 
nothing of interest. The pupils were equal, regular and round. They reacted 
normally. The arms offered some rigidity to passive motion. The superficial 
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and deep reflexes were equal and hyperactive. There were no pathological re- 
flexes. The neck was moderately stiff. There was a slight, fine tremor of the 
fingers. One observer noted the presence of ‘‘herpes”’ on July 29, eleven days 
after admission. How long these lesions had been present was not stated. 

Laboratory Findings on Admission: Blood: White blood cells 6200, 73 per 
cent polymorphonuclear leukocytes, 24 per cent lymphocytes. Hemoglobin 
14.5 gm. Wassermann negative. 

Urine: Normal. 

Spinal Fluid: Slightly increased pressure, clear, 14 cells, sugar 58 mg., 
globulin positive. Wassermann negative. 

Course in Hospital: While in the hospital little was done for the patient with 
the exception of sedatives and forced feedings. During the first week the tem- 
perature chart showed variations from 98.6 to 100.8° F, usually reaching its 
peak at 4.000r 8.00 P.M. Toward the end of the second week it reached ror.8° F. 
For two weeks it ranged from go.6 to 102°; following this it showed fairly marked 
fluctuation with a gradual tendency to rise higher each day until he died on 
August 31. At this time his temperature was 106° F. His course was progres- 
sively down hill. He became more and more lethargic, and the convulsions and 
twitchings increased in severity and frequency. His expression became typically 
masked and he exhibited a definite lead-pipe rigidity of the extremities. Toward 
the end of his illness the convulsive twitchings became almost constant. Re- 
peated examination of the spinal fluid showed little change except for a slight 
decrease of sugar and number of cells. Guinea pig inoculations and smears of 
spinal fluid were repeatedly negative. 


Pathological Anatomy: Grossly, the brain showed no changes of a 
specific nature. The meninges were smooth, of normal thickness and 
glistening. There was no demonstrable increase in the amount of 
cerebrospinal fluid, nor was this fluid cloudy or blood-tinged. The 
vessels within the subarachnoidal space were definitely congested. 
Transverse sections through the brain showed a diffuse congestion 
and some edema. There were no definite areas of hemorrhage or 
necrosis. 


Microscopic EXAMINATION 


Microscopically, numerous changes are seen. These changes fall 
into two definite groups, the one affecting the blood vessels, the 
other individual cells. The sections studied were taken from all of 
the important cerebral: structures, the spinal cord and the cere- 
bellum. 

The lesions associated with the blood vessels are congestion, 
hemorrhage and a lymphocytic infiltration of the adventitial coat 
of the smaller arteries and veins. These changes are seen in all the 
sections studied, with the exception of those taken from the cere- 
bellum and spinal cord. In spite of their wide distribution these 
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changes are most evident in the sections from the cortex, the lentic- 
ular, caudate and red nuclei, and the thalamus. Examples of these 
changes are seen in the white as well as the gray matter. The con- 
gestion is the most constant finding, minute areas of hemorrhage 
and perivascular infiltration being somewhat less common. The 
areas of hemorrhage are always quite small and are seen around the 
capillaries chiefly. The cellular infiltration is composed almost en- 
tirely of lymphocytes. An occasional plasma cell is seen, but there 
are no polymorphonuclear leukocytes. While this exudate is rather 
scanty it is nevertheless quite definite. It is not a perivascular in- 
filtration in the sense that the cells lie within the perivascular space. 
Close examination shows them to be enmeshed by the fibers of the 
vessel wall, particularly the adventitial sheaths. The smaller arteries 
are the vessels chiefly affected. No thrombi are seen within any of 
the blood vessels. 

The changes affecting the cells are of four types. In eosin-methy- 
lene blue preparations they may appear in the form of eosinophilic 
intranuclear bodies entirely separate from the nucleolus of the cell, 
with or without irregular eosinophilic cytoplasmic bodies, or as 
simple degeneration and necrosis, or as phagocytosis of such cells. 
These changes are found in all parts of the cerebrum, but are most 
obvious in the left motor cortex, the red nucleus and the caudate 
nucleus. The intranuclear bodies may appear without any accom- 
panying cytoplasmic bodies or any detectable degenerative changes. 
The intracytoplasmic masses are not seen in cells which do not show 
the intranuclear bodies and are almost invariably accompanied by 
degenerative changes of various types within the cell. Other cells 
may undergo degenerative changes without exhibiting bodies within 
the nucleus or the cytoplasm. 

The intranuclear masses occur chiefly in the large ganglion cells, 
but are also seen rarely in neuroglial cells. There may be one or 
several within the nucleus, usually only one. They vary in size from 
those which are perhaps twice as large as the nucleolus to some which 
completely fill the nucleus. They may be round, oval or horseshoe- 
shaped. Associated with this variation in size there is a correspond- 
ing variation in appearance. The smaller bodies tend to be more 
eosinophilic and present a more granular appearance. The larger 
bodies are more homogeneous and in most instances tend to have a 
lavender color. In affected cells the chromatic material of the nu- 
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cleus is concentrated along the nuclear membrane. These intra- 
nuclear bodies are entirely separate and easily distinguishable from 
the nucleoli. 

The cytoplasmic bodies occur only in ganglion cells. They are less 
definite in their appearance, are usually multiple, and vary in size 
from very small rounded masses to those which almost fill the cyto- 
plasm. They are correspondingly irregular in shape. Their staining 
reaction is much more uniform. They appear as homogeneous, hya- 
line, pink-staining masses. As to distinctness of outline they again 
vary considerably. Many are rather sharply defined, but equally as 
many merge almost imperceptibly with the cytoplasm of the cells. 
In only a few instances are they surrounded by a halo. 

The degenerative changes are frequently associated with the 
bodies just described. In many instances, however, one sees de- 
generating cells which are not so involved. Surrounding such cells 
one frequently sees accumulations of apparently healthy cells which 
vary in shape from round to spindle. These cells have rather scanty 
cytoplasm which stains lavender. Their nuclei are large as com- 
pared to the cytoplasm. Occasionally, one sees a necrotic ganglion 
cell which has been invaded by one of these cells. Such lesions are 
interpreted as pseudo- and true neuronophagia respectively. The 
nature of the phagocytic cells, whether neuroglial or microglial in 
origin, is unknown. 

What appears as a later stage of the process of phagocytosis is the 
accumulation of cells, resembling the phagocytic cells, which are 
occasionally seen unassociated with degenerating or necrotic nerve 
cells. These phagocytic cells appear as rosettes. In some instances 
one is able to see small purplish fragments of material which re- 
semble calcium in the center of such a rosette. These changes are 
seen most commonly in the pons, the lenticular and the caudate 
nuclei. 

In addition to the changes found in the nervous system there was 
some bronchopneumonia, bilateral fibrinous pleuritis, and a few 
petechiae within the mucosa of the gastro-intestinal tract. 


DISCUSSION 


The inclusion bodies found within the nerve cells and neuroglial 
cells are comparable morphologically to those seen in the lesions of 
herpes simplex, zona, varicella and virus III disease of rabbits. Of 
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these four types they resemble the inclusions seen in herpes simplex 
most closely. There are, however, several differences. The inclu- 
sions seen in this case never appear as extremely large, finely granu- 
lar, lavender bodies which completely fill the nucleus. In herpetic 
lesions the intracytoplasmic masses are not seen. The inclusions in 
this case are more numerous in the cortex and are accompanied by 
a minimal amount of necrosis, while in herpetic encephalitis of rab- 
bits the brain stem and mesencephalon are chiefly involved and there 
is widespread necrosis of nerve cells. One is able to conclude quite 
definitely that the cellular inclusions are not associated with the 
virus of herpes simplex because of the negative results of intra- 
cerebral inoculations of emulsified brain into rabbits.* 

In view of the present state of knowledge as to the relation which 
exists between inclusion bodies and filterable viruses, it is suggested 
that in this particular case a filterable virus may have been asso- 
ciated with the lesions. That this is a case of encephalitis there can 
be no doubt. From the history, physical examination and labora- 
tory findings, it fits quite well into the amyostaticakinetic form of 
encephalitis lethargica, the terminal attack being an acute exacer- 
bation of a preéxistent infection of sixteen months duration. 

A second case has recently come to us which presented a typical 
clinical picture of an acute lethargic encephalitis of only forty-eight 
hours duration. Postmortem examination of the brain revealed gross 
congestion, edema, microscopic hemorrhages and capillary throm- 
bosis, unassociated with perivascular or epivascular lymphocytic in- 
filtration. Careful examination of the nerve cells revealed ex- 
tensive necrosis and some pseudoneuronophagia. No inclusions 
were observed. 

Another case examined at autopsy was a typical clinical encepha- 
litis lethargica coming on after extensive burns over the body, sev- 
eral weeks elapsing between the burns and the development of the 
symptoms referable to the central nervous system. Grossly, little 
could be demonstrated other than congestion of the basal ganglia. 
Microscopically, there were numerous lymphocytes within the 
arterial walls, extensive necrosis, a diffuse mononuclear exudate, and 

* The material used for animal inoculation consisted of small fragments of basal 
ganglia which had been preserved in 50 per cent glycerine-saline solution and kept at 
freezing temperature for 1 month and 16 days. This material was washed, ground 


and emulsified in saline and inoculated intracerebrally into 2 monkeys (M. rhesus), 
9 mice, 1 guinea pig, and 17 adult rabbits. One rabbit was inoculated in the testis. 
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little hemorrhage. The lesions were almost entirely confined to the 
basal ganglia. Here again no inclusions were demonstrated, and 
animal inoculations were negative. 

These three cases may well be included in the group of encepha- 
litis lethargica. Each is distinctly different from the other clinically, 
as well as pathologically. In fact, they present only a few points of 
similarity. In only one of them have inclusion bodies been demon- 
strated. In this particular case there is strong morphological evi- 
dence which points to a filterable virus as the etiological agent. Care- 
ful study of the other two cases revealed no inclusions, and it is 
difficult to believe that other investigators could have overlooked 
them in cases previously reported. It must be concluded that the 
case here described differs from others heretofore recorded in this 
essential feature. 

If, then, in this small series there is evidence pointing to at least 
one cytological difference between cases which are called at present 
epidemic or lethargic encephalitis, it may be concluded that enceph- 
alitis lethargica is probably not a clinical or pathological entity, 
but that it represents an ill-defined group characterized by varied 
clinical and pathological findings and probably caused by various 
agents. 

Experimentally, considerable work was done with material from 
all three of our cases, using fresh and glycerinated tissue from the 
basal ganglia, cortex and medulla as inocula. Material from the 
three cases was washed, ground, emulsified in saline and inoculated 
into a total of four baby rabbits, thirty-one adult rabbits, baby mice, 
adult mice, two puppies, three monkeys and several guinea pigs and 
cats. In most instances the emulsified brain was inoculated intra- 
cerebrally, although several attempts were made to infect the rab- 
bit’s cornea. In rabbits, monkeys and guinea pigs, 0.5 to 1 cc. of a 
thick emulsion was inoculated. Following Flexner’s work on polio- 
myelitis attempts were made to infect animals by following the in- 
tracerebral inoculation with intraperitoneal injections of emulsified 
brain. The animals were watched for varying periods. Examination 
of their brains revealed not the slightest suggestion of any inflamma- 
tory process comparable to that seen in encephalitis. 

Many of the animals survived without manifesting any clinical 
changes. These were observed over periods varying from three to 
six months. Careful temperature charts were kept on all animals. 
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In none of these animals was there any significant fever. Micro- 
scopic examination of the brains of animals which survived several 
weeks and were sacrificed showed no significant changes. 

In another case, clinically diagnosed encephalitis lethargica 
(brother to Case 2), spinal fluid was inoculated intracerebrally into 
rabbits in 0.5 and 1 cc. quantities with negative results. This child 
survived the acute attack. At the present time, six months after 
onset, the child shows a reversal of the sleep cycle and some saliva- 
tion, which is interpreted by the clinicians as evidence of enceph- 
alitic sequellae. 


SUMMARY AND CONCLUSIONS 


1. A case of lethargic encephalitis is reported in which intranu- 
clear and intracytoplasmic ‘‘inclusions” occur. 

2. It is suggested, on the basis of the presence of cellular inclu- 
sions, that this case of encephalitis may have been due to a cyto- 
tropic virus. 

3. Two other cases of encephalitis are mentioned in which no in- 
clusions were found. 

4. It is further judged from an etiological standpoint that 
lethargic encephalitis may not be a distinct entity. 

5. Animal inoculations with material from each case induced no 
demonstrable infection. 
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DESCRIPTION OF PLATES 


PLATE 3 


Fic. 1. Longitudinal section through small venule in the lenticular nucleus. 


The lymphocytes are seen in the adventitial coat. Hematoxylin and eosin 
stain. x 100. 


Fic. 2. Large ganglion cell from left motor cortex showing several dense cyto- 
plasmic inclusions surrounded by halos, and a single, poorly defined intranu- 


clear inclusion. Phagocytic cells are beginning to accumulate around it. 
Eosin-methylene blue stain. x 1100. 


Fic. 3. Pseudoneuronophagia of a ganglion cell from the caudate nucleus. The 
cell contains a definite intranuclear inclusion and a single pale, rounded 


cytoplasmic inclusion near the upper pole of the nucleus. Eosin-methylene 
blue. x 1100. 


Fic. 4. Ganglion cell from left motor cortex showing the characteristic large 
granular inclusions and three poorly defined, homogeneous, cytoplasmic 
inclusions. This cell shows the characteristic condensation of the chromatic 
material along the nuclear membrane. Eosin-methylene blue. x 2500. 


Fic. 5. Necrotic ganglion cell from pons surrounded by phagocytic cells. Eosin- 
methylene blue. x 1100. 


Fic. 6. Ganglion cell from left motor cortex showing a granular intranuclear in- 
clusion and a large homogeneous cytoplasmic inclusion. Eosin-methylene 
blue. x 2500. 


Fic. 7. Two swollen neuroglial cells from caudate nucleus showing small intra- 
nuclear inclusion. Eosin-methylene blue. x 1100. 
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Fic. 


FIG. 


Fic. 


Fic. 


Fic. 


PLATE 4 


8. Ganglion cell from caudate nucleus showing an eosinophilic, granular, 
intranuclear inclusion and a poorly defined, round, homogeneous cytoplas- 
mic inclusion. Surrounding the cell are many phagocytes. Eosin-methylene 
blue. x 2500. (See Fig. 3 for photomicrograph of this cell.) 


9. Ganglion cell from left motor cortex showing large, granular, eosino- 
philic intranuclear inclusion and three indefinite homogeneous cytoplasmic 
inclusions. The chromatic material is collected along the nuclear mem- 
brane. Eosin-methylene blue. x 2500. (See Fig. 4 for photomicrograph of 
this cell.) 


10. Ganglion cell from left motor cortex showing characteristic intranu- 
clear inclusion. Eosin-methylene blue. x 2500. 


11. Ganglion cell from left motor cortex showing several reddish orange, 
homogeneous, cytoplasmic inclusion bodies which are surrounded by halos. 
There is also a large granular intranuclear inclusion. Eosin-methylene 
blue. x 2500. (See Fig. 2 for photomicrograph of a similar cell.) 

12. Ganglion cell from left motor cortex showing a single intranuclear in- 


clusion. This cell also illustrates the condensation of the chromatic ma- 
terial along the nuclear membrane. Eosin-methylene blue. x 2500. 


. 13. Ganglion cell from caudate nucleus showing a typical intranuclear in- 


clusion. Eosin-methylene blue. x 2500. 


. 14. Ganglion cell from caudate nucleus showing an intranuclear inclusion 
with some condensation of the chromatic material along the nuclear mem- 
brane. Eosin-methylene blue. x 2500. 
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TUBERCULOUS VEGETATIONS OF THE TRUNK OF THE 
PULMONARY ARTERY * 


Pavut Gross, M.D. 


(From the Department of Pathology, Cleveland City Hospital, and the Institute of 
Pathology, Western Reserve University, Cleveland, Ohio) 


Although nearly fifty cases of tuberculous involvement of the 
aorta have been reported, tuberculosis of the main stem of the pul- 
monary artery is rare. Only two cases are described in the literature 
and these deal with miliary lesions. The first case, reported by Wei- 
gert | in 1886, represents the extension of a tuberculous lymphadeni- 
tis into and through the vessel wall with production of miliary in- 
timal tubercles. Thorel? mentioned a second case in which there 
were very minute miliary intimal tubercles associated with miliary 
tuberculosis of the main stem of the pulmonary artery. In view of 
the rarity of the condition the following case is reported. 


REPORT OF CASE 


Clinical History: L. B., a 65 year old negress, was admitted to the Medical 
Service of the Cleveland City Hospital complaining of a sore throat. The his- 
tory of her illness indicated pulmonary disease of at least three weeks duration. 
The physical examination disclosed a negress of 65 years who appeared severely 
ill, and who showed evidence of marked loss of weight. The respirations were 
very rapid and shallow. Over the upper half of the right chest anteriorly, dull- 
ness and many fine rales were elicited. The heart sounds were distant and 
scarcely audible. The rate was rapid. The liver was moderately tender to pal- 
pation. The ankles and feet were edematous. The patient died on the day 
following admission. 


POSTMORTEM EXAMINATION 


At autopsy, two hours after death, there was observed a gener- 
alized miliary tuberculosis. The lungs, in addition, showed tuber- 
culous pneumonia. There was an adherent pericardium. The heart 
with pericardium weighed 450 gm. Aside from a slight dilatation of 
the chambers, the heart was normal. At the bifurcation of the pul- 
monary artery there was a blue-gray, oval, intimal plaque 0.9 cm. 


* Received for publication June ro, 1932. 
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by 1.5 cm., elevated about 1.5 mm. above the surface. From the 
middle of this plaque hung a soft, pink-gray polyp 1.5 cm. long and 
0.6 cm. thick (Fig. 1). This polyp broke on handling, allowing a 
thick, pinkish yellow, turbid fluid to escape. A smear of this material 
showed dense masses of acid-fast bacilli with a little cellular débris. 
The surface of this polyp was granular and definitely nodular. Be- 
low this vegetation and slightly to the left, there was another pedun- 
culated polyp 1 cm. long and extending upward from a point imme- 
diately to the left of the commissure joining the right anterior and 
posterior cusps. The stalk was cylindrical, 3 mm. in diameter and 
5 mm. in length. The distal part was ovoid in shape, 5 mm. in di- 
ameter and 5 mm. long, and finely granular on the surface. It was 
gray in color and quite firm, although friable. At the base and to the 
left of this second vegetation there was a third polyp about 5 mm. in 
length with a granular surface and bifid upper pole. This polyp had 
the same color and consistence as the second. The valve leaflets and 
commissures were normal. 

There was a marked tuberculous mediastinitis. Attached to the 
posterior aspect of the pulmonary artery, near its bifurcation, there 
were caseous lymph nodes which were also adherent to the tissues at 
the bifurcation of the trachea. There were numerous other caseous 
lymph nodes in the vicinity which were matted together by fibrous 
tissue. 


Microscopic EXAMINATION 


Microscopically the sections show tuberculous granulation tissue 
between the pulmonary artery and the aorta. While the latter is not 
affected by the disease, the pulmonary artery throughout its adven- 
titia is severely involved by the tuberculous inflammation. Large 
areas of caseation necrosis with the usual lymphocytic and endo- 
thelial cells are seen. At various levels of the pulmonary artery the 
media is invaded and interrupted by the tuberculous granulation 
tissue (Fig. 2). In these situations direct continuity exists between 
the tuberculous tissue of the adventitia and that of the intima. The 
intimal disease is characterized by the presence of tuberculous 
granulation tissue, areas of caseous necrosis, and by medium-sized 
blood vessels whose walls are markedly thickened. The thickening 
is eccentric, encroaches upon the lumen and consists of disoriented, 
loosely arranged hyaline fibrils in which numerous, poorly staining, 
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large mononucleated cells are enmeshed (Fig. 3). There is also a 
marked hyaline swelling of the internal elastic lamina of the pul- 
monary artery to about twice its normal thickness (Fig. 4). 

Further continuity exists between the tuberculous tissue of the 
intima and similar tissue composing the base of the polyp situated 
at the commissural level. At higher levels this polyp consists of a 
center of loosely arranged, acellular, hyalinized, fibrinous material 
and a periphery of more compact hyaline material in which a few 
lymphocytes are present. A section of the large polyp exhibits a 
thin marginal ring of compact hyaline material containing an occa- 
sional lymphocyte. Dense masses of acid-fast bacilli are present in 
the center of the ring. One section through the base of the smallest 
vegetation shows tissue similar to that of the adjacent polyp with 
which it is continuous. The exact relation of the smallest polyp to 
the tissues composing the wall of the pulmonary artery was not 
established. 

The continuity of the caseous tuberculous lymphadenitis with the 
extensive adventitial involvement of the pulmonary artery, and the 
further continuity, through the interruptions in the media, with the 
intimal tuberculosis, indicate that the tuberculous arteritis probably 
began in the adventitia and that the intimal lesions represent exten- 
sion by contiguity. It is possible that the miliary dissemination had 
its origin in the tuberculous polypi. 


DISCUSSION 


In Weigert’s ! case of vascular tuberculosis the disease began as a 
perivascular lesion which involved the intima only secondarily. 
Benda,’ however, reported cases of intimal tuberculosis (not involv- 
ing the pulmonary artery) in which the disease was confined to the 
intima. This, he assumed, represented the lesion caused by implan- 
tation of tubercle bacilli upon the intact or diseased intimal surface. 
He claimed that this endangitis tuberculosa represented the more 
common form of vascular tuberculosis. Subsequent writers and more 
modern textbooks of pathology are agreed that the periangitic form, 
first described by Weigert, is by far more common than the endangi- 
tic form. Jores‘ further emphasized the fact that tuberculous vascu- 
lar involvement is more common with veins than with arteries. 

The appearance of the intimal tubercle varies from a small, 
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slightly elevated nodule, miliary in size, to soft, pedunculated polypi 
1 cm. in length, and larger. Thus Benda described a ‘“‘very large” 
polyp of the main branch of the pulmonary vein, which hung almost 
into the left ventricle. The polypi are usually yellow or yellow-gray 
in color. The external surface has been described as smooth and also 
as nodular. The consistence is usually quite soft, although an occa- 
sional polyp of firm consistence is seen. 

The contents of the soft polypi consist of caseous, pus-like ma- 
terial in which a varying number of acid-fast bacilli are found. 
Usually the bacillary content is very high. Benda called attention to 
the fact that these polypi are often ulcerated, even though the sur- 
face appears smooth and uninterrupted. A layer of hyalinized fibrin 
may cover the point of rupture and give it the appearance of a 
smooth surface. Such a lesion may then be the source of a dissemin- 
ated miliary tuberculosis. 

Although no polypi of the pulmonary artery have been described, 
the description of polypi found in the aorta and pulmonary veins as 
given above adequately covers the vegetations found in the pulmon- 
ary artery of this case. 


SUMMARY 


1. A third case of tuberculous involvement of the main stem of 
the pulmonary artery has been described. 

2. The tuberculous involvement in this case is the result of an ex- 
tension of a tuberculous lymphadenitis from adjacent lymph nodes 
to the adventitia and thence to the intima of the pulmonary artery. 


I am indebted to Prof. Howard T. Karsner for helpful criticism 
and suggestions in the preparation of this paper and to Dr. Alan R. 
Moritz for the photomicrographs. 
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DESCRIPTION OF PLATES 


PLATE 5 


Fic. 1. Drawing of heart and pulmonary artery showing three polypoid tuber- 
culous vegetations attached to the wall of the pulmonary artery. 


Fic. 2. Wall of the pulmonary artery at the commissural level with attached 
vegetation, illustrating the continuity of the tuberculous granulation tissue 
in the adventitia with that of the vegetation through an interruption in the 
media. Weigert’s elastic tissue stain. x 20. 
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Gross Tuberculous Vegetations of Pulmonary Artery 


PLATE 6 


Fic. 3. Intima and a small portion of the media, showing a blood vessel in the 


intima surrounded by tuberculous granulation tissue. Hematoxylin and 
eosin stain. x II0. 


Fic. 4. Tuberculous granulation tissue in the intima and hyaline swelling of the 
internal elastic lamina. Weigert’s elastic tissue stain. x 134. 
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Gross Tuberculous Vegetations of Pulmonary Artery 
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MICROINCINERATION STUDIES OF HUMAN CORONARY 
ARTERIES * 


D. Ko, MD. 


ROCKEFELLER FOUNDATION FELLOW 


(From the Institute of Pathology, Western Reserve University, Cleveland, Ohio) 


The method of microincineration of microscopic specimens of tis- 
sues devised by Liesegang was revived and improved by Policard, 
Tschopp, and by Scott. It has been employed for numerous studies 
in the microscopic anatomy of the distribution of salts in various 
parts of the body. Pathology has profited little as yet except for a 
few studies, notably those of Schultz-Brauns. Zinkant studied the 
arteries of the uterus by this method and showed what he believed to 
be the beginning of arteriosclerotic changes comparatively early in 
life. There is, however, reasonable doubt that the deposit of calcium 
within the arterial walls, as revealed by the method of microincinera- 
tion, necessarily represents a pathological change. The present 
study deals with the ash left by the coronary arteries of the heart 
following microincineration, and considers the matter in reference to 
age periods. 


METHOD AND MATERIALS 


In general, the method as described by Policard was employed. 
The material was from 62 human hearts at different ages. From 
each heart four blocks were made. One block was in vertical and 
another in tangential section from the wall of the left ventricle mid- 
way between apex and base near the septum; one vertical section 
from the anterior border of the right ventricle near the septum and a 
tangential section just anterior to the margo acutus were also made. 
These blocks, from 1 to 2 cm. square and not more than 5 mm. thick, 
were taken before the heart was washed and placed immediately in a 
solution of 9 parts absolute alcohol to 1 part neutral formalin (40 
per cent formaldehyde, C.P.). After not less than 24 hours’ fixation 
the material was placed in absolute alcohol and, after about 6 trans- 
fers at 2 hour intervals, embedded in parafiin by the usual technique 


* Received for publication June 17, 1932. 
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and cut in sections 6 microns thick. Five sections were made from 
each block. Sections 2 and 4 were stained with hematoxylin and 
eosin or orcein and hematoxylin. For sections 1, 3 and 5 slides were 
freed of grease with the utmost care, thoroughly cleaned and placed 
upon a warm stage at about 45° C. A few drops of alcohol were 
placed upon each slide and the section placed upon this alcohol. The 
warmth permitted the sections to flatten out smoothly and the ma- 
terial was then dried in air. In our experience water has proved to be 
quite as satisfactory as alcohol and does not appear to dissolve any 
of the salts out of the tissue. Incineration was carried out in a small 
electric oven so adjusted by rheostat that it maintained a tempera- 
ture of 650° C. Incineration was continued until all charred material 
had disappeared and the sections lay as a white tissue upon the slide. 
The section was covered with a coverglass and sealed with paraffin. 
The examinations were with dark-field illumination, as suggested by 
Scott. The materials were grouped according to decades and the 
accompanying tables give an outline of the findings. 


RESULTS 


First Decade: (Table I) This group included 10 cases ranging in 
age from newborn to 8 years. The gross findings as regards coronary 
arteries were negative throughout and this is true as regards micro- 
scopic findings, except in Case 10 in which typical rheumatic infiltra- 
tions were found in the myocardium and around the coronary ves- 
sels. In this decade the incinerated preparations appeared to show a 
smaller number of blood vessels than was observed in the hema- 
toxylin and eosin preparations, but this dissimilarity was found to be 
due to the fact that no observable ash was produced by the very 
small vessels. In the position of the intermediate arteries there was 
found a ring of ash which in the younger children appeared as a row 
of fine beads, but in the older children as a continuous line. At times 
minute nodules appeared to project into the lumen of the vessel. 
This ring of ash is interpreted as representing the intima, more espe- 
cially the endothelial cells of that coat. With the advance of age the 
line, which became continuous, also became increased in density. 
In the younger children the media and adventitia were not recog- 
nized by the ash, but in the older children a few small dots of ash 
were found in both coats. The exception to this was in that of Case 
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10 where the ash in adventitia and perivascular connective tissue was 
distinctly increased, apparently because of the cellular content in 
this region. 


Second Decade: (Table II) Of the 4 cases in this group from 15 to 
20 years of age, 2 showed slight beginning atherosclerosis of the coro- 
naries grossly, and the other 2 showed no change. The sclerosis was 
almost completely confined to the larger branches, but in Case 4 of 
this group the smaller vessels in both ventricles showed slight inti- 
mal fibrosis. The principal difference discovered between this group 
and the patients in the first decade was the increase in amount of ash 
found in the intima. The adventitia and media left about the same 
amount of ash as in the older children of the preceding decade. In 
Case 4 mentioned above, a patient 20 years of age, the intima was 
distinctly richer in ash, and the media showed slightly more ash than 
in the other cases. A distinction between the ash of the three layers 
of the arterial wall was not easily possible. 


Third Decade: (Table III) This group included 9 cases from 25 to 
30 years of age. Grossly, all showed slight atherosclerotic change in 
the larger divisions, with the exception of Case 8 in which the artery 
appeared to be normal. With the hematoxylin and eosin prepara- 
tions it was found that in 3 of these cases the sclerosis of the 
smaller arteries was confined entirely to the left ventricle, whereas in 
the other it was found in both ventricles. The intima in these cases 
showed moderate thickening, together with splitting and apparent 
multiplication of the internal elastic lamina. In 4 instances there 
was no manifestation of arteriosclerosis in the smaller vessels micro- 
scopically. In this age group it became possible to distinguish the 
ash of intima, media and adventitia. Generally speaking, the ash of 
the intima was greater in amount than in the preceding group and 
was especially prominent in the sclerotic areas. In 1 case without 
sclerosis the ash of the intima was definitely increased, as compared 
to earlier age groups, but the elastica stain preparation showed very 
clearly an increase in the amount of elastic tissue in the intimal coat. 
In certain of the arteries of Case 7, a leukemic patient, the ash ap- 
peared as tiny spots in the adventitia, corresponding to areas of leu- 
kemic infiltration. There were three female patients in this group 
and the amount of ash in the intima was definitely less than was true 
of the males. 
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Fourth Decade: (Table IV) In this group there were 6 cases from 
34 to 39 years of age. In all cases the gross examination showed 
varying degrees of atherosclerosis in the larger branches of the coro- 
nary arteries. The ash of the intima as compared with the preceding 
age group was not only greater in amount but showed increasing 
density. In some of the cases the delimitation between intima and 
media was obscured because of what appeared to be a “fraying out” 
of the ash into the intima at points where the ash in the two coats 
could not be distinguished. Generally speaking, the ash of media and 
adventitia was clearly separable and appeared as a delicate network 
in both coats, increased in amount over the age group preceding. In 
Case 5 the amount of ash in all three coats was definitely greater 
than in the other members of this group. 

Fifth Decade: (Table V) This group was made up of 14 cases 
ranging in age from 42 to 50 years. The gross examination showed 
definite intimal atherosclerosis in 12 of these 14 cases, and in Case 5 
this was particularly prominent. Microscopically, with the hema- 
toxylin and eosin stains, sclerotic changes were observed in smaller 
vessels of all these cases. These changes were, as a rule, distinctly 
more marked in the left ventricle than in the right. The ash from 
the arteries of all these cases was increased from all three coats as 
compared with the preceding age period, except in Case 9. In this 
instance, where there was no arteriosclerosis grossly and only slight 
sclerosis microscopically, the ash of the intima formed a thin, deli- 
cate ring and the ash of adventitia and media was very slight in 
amount. In those small divisions where sclerosis was prominent, the 
ash of intima showed a corresponding irregularity in relation to the 
lumen of the vessel. 

Sixth Decade: (Table VI) Of the 10 cases of this group, ranging in 
age from 52 to 60 years, all showed noteworthy gross atherosclerosis 
of the coronaries and in 5 of the cases this was accompanied by 
small areas of calcification. The hematoxylin and eosin preparations 
showed varying degrees of intimal sclerosis in the smaller branches, 
but these changes were not parallel to those observed in the large 
divisions. In this group and in the preceding group sclerotic changes 
in the smaller vessels were observed, especially in the branches to the 
trabeculae carneae. In general the ash of the intima was consider- 
ably increased in amount over the preceding age group, correspond- 
ing closely to the sclerosis present in the vessels studied. In some of 
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the small arteries the amount of ash was so great that the lumen ap- 
peared to be almost occluded. The media and adventitia both 
showed a large quantity of ash. In many instances the perivascular 
connective tissue showed a delicate network of ash corresponding in 
general to the distribution of the loosely arranged collagenous fibers. 
With the dark-field illumination the ash of the perivascular tissue 
was of a pale blue color, as compared with the white of the coat of the 
vessels. In 1 case, illustrated in Figure 7, the ash of intima was in 
the form of delicate, radiating bands corresponding to the arrange- 
ment of elastica in that coat. 

Seventh Decade: (Table VII) The 5 cases in this group were 61 to 
70 years of age. The findings were so closely similar to those in the 
sixth decade that no separate description seems justified. The 
changes were essentially the same in all respects, except that an im- 
pression was gained that the amount of ash was somewhat increased 
and slightly more irregularly distributed. 

Eighth Decade: (Table VIII) Of the 5 cases included in this group, 
71 to 79 years of age, all showed definite coronary sclerosis grossly. 
Again the changes found in the smaller divisions were not parallel to 
those found in the larger arteries. In the hematoxylin and eosin prep- 
arations the intima showed nodular thickening in many instances 
and the amount of elastica in the patches was increased, as com- 
pared with the rest of the intima. The incinerated specimens showed 
a definite increase of the ash in the walls of almost all the arteries and 
this was especially marked in the smaller vessels. In these the ash of 
the intima was characterized by irregularities, apparently due to the 
patchy thickening. The ash of media, adventitia and perivascular 
connective tissue was markedly increased, quite regardless of the 
degree of sclerosis. 


DISCUSSION 


The incinerated preparations show ash from the coronary arteries 
in all the ages included in this study. In young subjects the ash of 
small branches may be so small in amount that it does not form a 
continuous ring. In the first three decades there is a progressive in- 
crease in the amount of ash, but this does not in all instances parallel 
the advance of age. Exceptions are especially noteworthy in the 
females of the third decade. Limitations of time and material made 
it impossible to distinguish as to sex differences, but it is assumed 
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that generally the coronaries of the female probably show less ash 
than those of the male. The increase in amount of ash affects all the 
arteries studied. After the third decade, although there is a progres- 
sive increase in amount of ash, the progression lacks the regularity 
observed in the first three decades. The greatest amount of ash was 
observed not in the eighth decade, but in a 58 year old male patient. 
The variation between arteries of the same case in these later age 
periods is greater than in the earlier periods. In the sixth decade the 
greatest amount of ash was found in those arteries supplying the 
trabeculae carneae. In the seventh and eighth decades the increase 
in amount of ash affected all the arteries studied. Thus, there is 
considerable variation in the increase in ash in these last three dec- 
ades. The confusion is produced principally because of the varying 
degrees of arteriosclerosis, which in this series of cases was found to 
be most marked in the sixth decade. 

The factor of arteriosclerosis is of much less significance in the 
first three decades and it would appear that the increase in amount 
of ash in these periods is parallel to the rate of growth of the body. 
In Case 12 of the first decade the pathological changes noted are re- 
sponsible for the variation in ash content. Zinkant in his study of 
uterine arteries found no ash in these vessels of most of his cases in 
the first decade. There was a gradual increase of ash during the 
second decade. This he regarded as a deposit of calcium and prob- 
ably incorrectly, as indicated below, interpreted it as a pathological 
change resulting from the functional alterations in the organ, a 
precursor of arteriosclerosis. Schultz-Brauns found ash in the aorta 
of a newborn and of a young child, but did not discuss its significance. 

The present study indicates that the greatest amount of ash is in 
that part of the artery rich in elastic fibers. Figure 10 shows the 
position of ash in the media of the aorta especially rich in elastica. 
When compared with the renal artery (Fig. 11) which is a muscular 
type of vessel, the latter shows the ash especially about the internal 
elastic lamina. In the coronary arteries the ash is noteworthy in the 
intima, but generally is in comparatively small amounts in media 
and adventitia. The increase observed in the coronary arteries dur- 
ing the first three decades corresponds to the normal growth of the 
arteries and the ‘‘aufsteigende Periode”’ of Jores. Thus, a certain 
amount of ash must be considered as normal and not of necessity an 
indication of sclerosis, except in so far as sclerosis may be looked 
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upon as a process of aging. In these earlier decades where sclerosis 
is not demonstrable, the ash occurs in fairly regular ring or oval 
forms, but when sclerosis becomes noteworthy the ash lacks uni- 
formity in arrangement, is often eccentric in distribution and vari- 
able in quantity. It is probable that the same argument explains the 
small amount of ash in the coronaries of the female. Since the largest 
amount of ash of media was found in the last decade it is assumed 
that the increase in ash of media is a function of age, which may be 
explained by the demonstration of Biirger and Schlomka that any 
tissue of older persons becomes increased in density. 

As indicated by Policard and Schultz-Brauns, it is generally agreed 
that the ash is made up principally of calcium, which in the inciner- 
ated preparation appears as calcium oxide. Treatment of the speci- 
men with 2 per cent sulphuric acid produces the typical gypsum 
crystals of calcium sulphate, as shown in Figure 12. The material 
takes the hematoxylin stain as does calcium, and stains by the 
method of von Kossa. It is of great importance in the technical pro- 
cedure that the incineration be conducted at 650° C until all organic 
and volatile material is removed. This can be controlled by washing 
with water, because if the amount of ash which remains after wash- 
ing is essentially the same as before washing, it can be regarded as 
pure ash. As demonstrated by Policard, other minerals such as iron 
and magnesium are present, but these are in such small amounts 
that in all likelihood they can be disregarded. 

As can be seen in the accompanying photomicrographs there is no 
doubt that muscle and connective tissue leave ash after incineration 
and the ash may be regarded as representing normal constituents of 
these tissues, as shown by Scott and by Schultz-Brauns. As indi- 
cated by the results shown in Figures 10 and 11 there is no reason- 
able doubt but that the elastic tissue leaves a considerable amount of 
ash. The origin of the elastic fibers is uncertain. Jores believed the 
elastica to represent the differentiation of connective tissue cell prod- 
ucts, whereas Hueck assumed it to come from the ground substance 
of the connective tissue, especially that of the intima of arteries. 
According to Wells, hyaline substances have an affinity for calcium 
salts, but in spite of the possibility of adsorption of calcium, it never- 
theless seems probable that normal elastic tissue contains calcium in 
larger quantities than other tissues. Hofmeister and Henkel main- 
tained that compounds of calcium salts and protein do not exist in 
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the body. The salts are kept in solution by protecting colloids and 
thus the normal content of the elastica in calcium would represent 
only a larger concentration of calcium salts in this tissue. As is well 
known, such combinations are unstable and subject to precipitation 
by changes in hydrogen ion concentration and perhaps other physi- 
cal states of the tissue. The demonstrations by Ribbert, by Klotz, 
and by Faber of small amounts of precipitated calcium in the ar- 
teries of young persons may be the result of precipitation due to 
changes of the character indicated. In outspoken intimal arterio- 
sclerosis, where an increase in elastica can be established, it may very 
well be that the calcification in precipitated form depends in large 
part upon the high concentration of calcium in the mass of elastic 
tissue. Calcium salts, however, may be precipitated in the region of 
elastica without any preceding increase of elastica, as is true of the 
isolated calcification of the internal elastic membrane described by 
Jores. The hypothesis given above does not serve to explain all 
types of calcification because there are noteworthy exceptions. For 
example, calcification may occur in tissues in which there is little or 
no elastic tissue. Conversely, as in mural endocardium where elastic 
tissue is rich in amount, calcification may be of uncommon inci- 
dence. In idiopathic medial necrosis of the aorta of Erdheim, calci- 
fication is rare in spite of the large number of elastic fibers in this 
situation. The marked medial calcification in Ménckeberg sclerosis 
is in muscular arteries with relatively little elastica. Even in the 
cases reported herewith, the coronaries often showed marked hyper- 
plasia of the elastica without any noteworthy precipitation of cal- 
cium salts. It may therefore be stated that increase in the amount of 
elastica alone is by no means an indication that precipitation of cal- 
cium salts will occur. The facts, however, that the elastic fibers 
probably contain a large amount of calcium, and that calcification 
in the early stages of arteriosclerosis takes place in the area where 
the internal elastic membrane of the artery is located, lead to the 
assumption that the elastic fibers play an important réle in the cal- 
cification of arteriosclerosis. 


SUMMARY AND CONCLUSIONS 


1. The method of microincineration was employed in the study of 
the smaller divisions of the coronary arteries in 62 cases ranging in 
age from newborn to 79 years. 
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2. Ash was demonstrated in all instances, but in variable 
amounts. The smallest amount was found in the arteries of new- 
born infants. This amount gradually increased during the first, 
second and third decades, apparently as a corollary of normal 
growth. The increase in amount of ash after the third decade was 
definite, but was without regularity of progress. This total varia- 
tion, associated with individual variation, was probably the result of 
arteriosclerosis in these higher age groups. It was found also that 
rheumatic fever nodules, and leukemic infiltrates increased the 
amount of ash. 

3. The ash of coronary arteries is derived principally from the 
elastic fibers, but also in small part from the intima, media and 
adventitia. This should be regarded as a normal finding, but not of 
necessity as a precursor of arteriosclerosis. 

4. The ash is composed almost entirely of calcium salts, but the 
manner in which these salts are bound to the elastic fibers is not 
known. 

5. As the quantity of elastic tissue increases normally and as it in- 
creases as a part of arteriosclerosis there is an increase in the amount 
of ash. 

6. It is suggested but not proved that alteration in quantity and 
quality of elastica may have some bearing upon the calcification 
that occurs in the course of arteriosclerosis. 


Indebtedness is expressed to Prof. H. T. Karsner who suggested 
this study, to Dr. David Seecof who kindly supplied part of the ma- 
terial, and especially to Dr. G. H. Scott of Washington University 
for invaluable aid as regards technique and other features of the 
work. 


BIBLIOGRAPHY 


Biirger, M., and Schlomka, G. Ergebnisse und Bedeutung chemischer Ge- 
websuntersuchung fiir die Alternsforschung. Klin. Wchnschr., 1928, 41, 
1944. 

Faber, A. Die Arteriosklerose. G. Fischer, Jena, 1912. 

Henkel, K. O. Die Mikroveraschung. Handbuch der biologischen Arbeits- 
methoden, 1920, 5, pt. 2, No. 13, 1471. 

Hofmeister, F. Experimentelles iiber Gewebsverkalkung. Miinchen med. 
Wchnschr., 1909, 38, 1977. 

Jores, L. Arterien. Die Genese der postembryonalen Intima-entwicklung. 
Handbuch der speziellen pathologischen Anatomie und Histologie, Henke, 
F., and Lubarsch, O. J. Springer, Berlin, 1924, 2, 690. 


| 
4 
{ 


46 KU 


Jores, L. Uber die feineren Vorginge bei der Bildung und Wiederbildung des 
elastischen Bindegewebes. Beitr. z. Anat. u. 3. allg. path.. Pathol., 1907, 
41, 167. 

Klotz, O. Studies upon calcareous degeneration. I. The process of pathological 
calcification. J. Exper. Med., 1905, 7, 633. 

Liesegang, R. E. Die Veraschung von Mikroschnitten. Biochem. Zischr., 1910, 
28, 413. 

Policard, A. Sur une méthode de micro-incinération applicable aux recherches 
histochemiques. Bull. Soc. chim. de France, 1923, 33, 1551. 

Policard, A., and Okkels, H. Localizing inorganic substances in microscopic 
sections. Anat. Record, 1930, 44, 340. 

Ribbert. See Jores, (Arterien.) 

Schultz-Brauns, O. Histo-topochemische Untersuchungen an krankhaft veran- 
derten Organen unter Anwendung der Schnittveraschung. Virchows Arch. 
f. path. Anat., 1929, 2'73, 1. 

Scott, G. H. Disposition of the fixed mineral salts during mitosis. Bull. d’histol. 
appliq. a la physiol., 1930, 7, 251. 

Scott, G. H. Distribution of mineral ash in striated muscle cells. Proc. Soc. 
Exper. Biol. & Med., 1932, 29, 349. 

Tschopp, I. Die Lokalisation anorganischer Substanzen in den Geweben (Spo- 
dographie). Handbuch der mikroscopischen Anatomie, 1929, 1, pt. 1, 571. 

Wells, H.G. Chapter in Survey of Arteriosclerosis. Josiah Macy, Jr. Founda- 
tion. (In press.) 

Zinkant, W. Histo-topochemische Untersuchungen iiber die Schwankungen des 
Kalkgehaltes in den Arterien des Uterus. Virchows Arch. f. path. Anat., 
1931, 281, g11. 


DESCRIPTION OF PLATES 


PLATE 7 


All photomicrographs taken with dark-field illumination. 


Fic. 1. Case 5, Table I. 11 months old male. Medium-sized deep branch of 
left coronary. Ash forms complete ring, without distinction of three layers. 
X 150. 

Fic. 2. Case 4, Table II. 20 year old male. Small deep branch of left coronary. 
Suggestion of division of ash into three layers. x 150. 

Fic. 3. Case 8, Table III. 29 year old female. Two small deep branches of left 
coronary. Suggestion of distinction into three layers. x 150. 

Fic. 4. Case 2, Table lV. 35 year old female. Medium-sized branch of right 
coronary artery. Ash of intima distinguished from smaller amounts of ash 
in media and adventitia. x 150. 

Fic. 5. Case 13, Table V. 50 year old male. Medium-sized branch of right 
coronary. Irregular distribution of ash of sclerotic intima. Ash of media 
and adventitia slight in amount. x 150. 

Fic. 6. Case 8, Table VI. 58 year old male. Small deep branches of right 
coronary. Large amount of ash from sclerotic intima. Decrease in size of 
lumina. x 150. 
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PLATE 8 


7. Case 10, Table VI. 60 vear old male. Medium-sized branch of left 
coronary. Radiating arrangement of ash of sclerotic intima. x 150. 

8. Case 5, Table VII. 67 year old male. Medium-sized branch of right 
coronary. Inner layer of ash chiefly from intima. Note density and irregu- 
lar distribution of ash. x 150. 


.g. Case 3, Table VIII. 73 vear old male. Small branch of right coronary. 


Ash of a non-sclerotic artery. Note fairly heavy deposit of ash of media and 
adventitia. x 

to. Ash from normal aorta of a 34 year old male. The ash is principally in 
the media and appears to follow lines of elastica. The ash of intima is small 
in amount and that of adventitia still less. x 70. 


11. Ash from normal renal artery of a 34 year old male. Note the ash of 
the internal elastic membrane. The adventitia shows less ash than the 
media. x 70. 


12. Gypsum crystals of calcium sulphate in incinerated specimen of aorta, 
following treatment with 2 per cent solution sulphuric acid. Above is the 
ash in media, below are the needle-shaped crystals, and between, a clear 
zone where the calcium salts are in solution. x 150. 
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EXPERIMENTAL FAT EMBOLISM OF THE HEART * 


S. A. SzuREK, M.D., anp Z. G. Czaya, M.D. 


(From the Norman Bridge Pathological Laboratory, Rush Medical College, 
Chicago, Ill.) 


In spite of numerous studies, opinions regarding the importance of 
fat embolism remain divided. Lehman and Moore! in a recent re- 
view were unable to find agreement on any phase of the problem. In 
previous discussions ” it is repeatedly stated that fat embolism may 
cause death by extensive obstruction of capillaries, either in the 
lungs or in the brain. The pulmonary type has a rapid course with 
dyspnea, cyanosis, cough and signs of pulmonary edema pre- 
dominating; the cerebral type has a longer course and is character- 
ized by stupor, coma, paralyses, sphincter disturbances and so on, 
and by evidence of embolism of the systemic circulation, such as 
petechial hemorrhages in the skin, free fat globules in the retinal ves- 
sels and fat in the urine. 

Other than solely mechanical effects have also been suggested. 
Gold and Léffler,? working with cats, concluded that when post- 
traumatic fat embolism is slight death is due to simultaneously ap- 
pearing shock, whereas if a large amount of fat enters the circulation 
death results with symptoms resembling shock. In this connection 
the work of Porter ‘ on the production of shock by fat embolism is of 
interest. Paul and Windholz,° on the basis of postmortem and ex- 
perimental studies, concluded that death in the cerebral form is due 
to injury of the brain, liver and kidneys, accompanied by symptoms 
of uremia. Lehman and Moore suggest that as there is little correla- 
tion between the severity of the symptoms and the amount of fat 
found after death physiochemical changes in the blood plasma may 
play an important rdle, especially as fat embolism sometimes occurs 
without trauma. Weimann,' on the other hand, insists that changes 
in the brain in this form of embolism are sufficient to cause death 
without invoking “‘autotoxic processes in other organs’”’ to explain it. 


* Received for publication June 16, 1932. 
Tt E. R. LeCount Fellows in Pathology, Fellowship established by Dr. Frank 
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In an extensive review Vanucci and Franceschini’ conclude that 
none of the theories — pulmonary, cerebral, renal or cardiac — ade- 
quately explain death. Although they believe that fat embolism 
alone can cause death in man, the part played by the fundamental 
disease, as well as shock accompaning injury, must be carefully con- 
sidered. They also make the interesting statement on the basis of 
physiological experiments upon rabbits that “‘alterations of the func- 
tion of the heart occur sooner, are more profound and more lasting 
than those of respiration.” As Warthin remarked in 1913,” the im- 
portance of damage to the heart in fat embolism is strangely over- 
looked by most students of the problem. He noted that Colley and 
a few other observers are the only ones who have regarded the part 
played by the heart as of any consequence. Warthin observed fat 
emboli in branches of the coronary arteries with fatty changes in the 
heart muscle about the plugged capillaries and arterioles. He was of 
the opinion that the fat droplets in the muscle fibers were derived 
chiefly from the emboli and only a small portion of them from in- 
visible fat in the cells. He was greatly impressed with the effect of 
such changes and insisted it was proper to speak of a cardiac-symptom 
complex in fatty embolism. He stated that this is accompanied bya 
great fall in arterial pressure, and a corresponding rise in the venous, 
the heart rate being very rapid and irregular. Since Warthin’s 
contribution others have also considered the possibility of cardiac 
failure in fat embolism,’ and have described changes in the muscle 
cells of the heart * similar to those Warthin found. We have thought 
that possibly some additional light on the problem of the part 
played by embolism of the vessels of the myocardium would accrue 
from studying this phase of fat embolism experimentally. 


EXPFRIMENTAL METHODS 


We used dogs and the method described by Rukstinat.? Under 
ether anesthesia the thoracic cavity was opened in the left third or 
fourth interspace under conditions preventing infection. While the 
pleural cavity was open, respiration was maintained by intratracheal 
insufflation of air and ether. After widening the aperture with a self- 
retaining retractor and packing away the lower lobes of the left lung 
from the surface of the pericardium, the coronary arteries were ex- 
posed by a vertical incision in this sac. Into one or more of the de- 


> 
/ 
tet 
7 
ig 
| 
a 
‘ 
| 


EXPERIMENTAL FAT EMBOLISM OF HEART 49 


scending branches of the front coronary artery 1 to 2 cc. of dog oil 
were slowly injected by means of a bent hypodermic needle attached 
to a 2 cc. syringe. The oil was obtained by mechanically expressing 
the omental and subcutaneous fat of normal dogs without the use of 
heat or solvents. The hemorrhage from the point of puncture was 
controlled and the wound closed in layers. The animals were per- 
mitted to recover and live for varying periods, from 6 hours up to 30 
days. They were then exsanguinated by opening the femoral arteries 
and veins without the use of anesthetics. Each heart was examined 
grossly and microscopically after hardening in formaldehyde for 
several days. A description was made of the exterior and of surfaces 
made by cutting the heart from apex to base into transverse seg- 
ments several millimeters thick. Microscopic study of the changes 
included the examination of sections made of frozen tissue stained 
with Sudan III, and of others stained with hematoxylin and eosin, 
celloidin preparations stained by Marchi, and other methods. 


Gross ALTERATIONS 


The immediate effects varied with the amount of oil injected. If 
more than 1.5 to 2 cc. enters the artery the heart becomes purplish 
and dilates, its rate first increases then diminishes, its rhythm be- 
comes irregular, ventricular fibrillation ensues and finally the ven- 
tricles stop before the auricles. If the amount of oil entering the 
artery is less than 2 cc. an ill-defined area of varying size about the 
site of injection becomes purplish; the heart may dilate somewhat 
but its rate and rhythm are not appreciably changed. When the 
needle is withdrawn there is usually some subepicardial hemorrhage 
about the puncture. 

The earliest change was noted at 6 hours and consisted of a de- 
posit of fibrin on the epicardium about the injected artery and a 
mottling of dark to paler red-brown; beneath this the lesion con- 
tinued in the wall as an irregularly but fairly well-defined region. 
Later, at 12 hours, the fibrinous deposit became thicker; the dark 
red-brown areas more sharply defined and the muscle somewhat 
granular and brown to pale yellow. Gradually, the dark brown 
places were surrounded by pale yellow-brown borders more sharply 
demarcated and still more granular and friable (24 hours). At 51 
hours the centers of the dark brown areas were rusty brown. De- 
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marcation of the dark regions alternated with opaque yellow-white 
granular spots was increased by the appearance of pale bluish gray 
borders after 6 days. By the end of 10 days all these changes were 
well advanced. In such a heart the pericardium is adherent to the 
epicardium over the front upper surface about the site of injection 
(see Fig. 1). On surfaces made by cutting the bluish gray borders 
about the dark brown regions, the lines traversing these areas are 
depressed, translucent and broader. The central portions of these 
dark areas are yellow-brown. Yellow-white opaque areas are sur- 
rounded by similar borders and traversed by similar lines. 

As time goes on the dark and the white areas are more and more 
replaced by this invading bluish gray tissue and small depressions 
and furrows with bluish gray translucent floors are evident exter- 
nally. Later (20 days) the altered regions are converted into irregular 
but sharply circumscribed, soft, depressed brown areas on the sur- 
faces made by cutting, and finally (30 days) the ventricular wall in 
such regions becomes considerably thinned. In a 30 day heart the 
pericardium is firmly adherent to the epicardium on the front sur- 
face (see Fig. 2) in several places. There are several irregular de- 
pressions on the front lower surface up to 1.5 mm. deep with bluish 
gray translucent floors. On surfaces made by cutting into these de- 
pressions the left ventricular wall is 3 mm. thick. Elsewhere at its 
thinnest portion this wall is 9 mm. in thickness. The muscle in these 
thinned places is almost entirely replaced by soft, dark brown, de- 
pressed tissue. There are two small areas, elsewhere on the front 
wall, up to 1 mm. in diameter which are soft, dark brown and de- 
pressed with puckered margins. 


HISTOLOGICAL EXAMINATION 


In the beginning (6 hours) there accumulate large numbers of 
polymorphonuclear leukocytes, lymphocytes and extravasated red 
blood corpuscles between the muscle fibers which are torn and sepa- 
rated by globules and irregular masses of fat. In the largest of such 
places these cells are enmeshed in a network of fibrin. Some of the 
muscle fibers about these lesions are already granular and hyaline 
with indistinct nuclei. A little later these changes become more ex- 
tensive. Red blood cells, lymphocytes and polymorphonuclear 
leukocytes are diffusely scattered over entire sections in the inter- 
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stices of the muscle. Especially dense are these extravasations and 
accumulations beneath the endocardium. Most of the fat here is in 
the form of long, sausage-shaped emboli distending capillaries, fol- 
lowing their tortuous course and filling the bifurcations with Y- 
shaped figures. Only where the cellular accumulation and blood ex- 
travasation are most dense have the muscle fibers become hyaline 
and granular with pale, indistinctly staining nuclei. 

At 24 hours more of the muscle fibers become completely hyalin- 
ized or granular, increased in diameter, with nuclei which are either 
poorly stained and pyknotic, or disintegrated into small irregular 
bodies which stain deeply with basic dyes. In the fibrin adherent to 
the epicardium polymorphonuclear leukocytes and lymphocytes 
accumulate. 

Gradually the altered muscle is removed and replaced by young 
fibrous tissue. For example, after 42 hours the granular and hyaline 
muscle fibers are distorted and fragmented. Closely apposed to the 
ends of these fibers are numerous small, multinuclear cells about 10 
micromillimeters in diameter, containing up to six dark purple- 
staining nuclei with very pale staining cytoplasm. Among the ac- 
cumulated cells, especially in the interstitium and about the capil- 
laries, young fibroblasts with oval and spindle vesicular nuclei with 
numerous mitoses are present. Here and there is a nucleus in the 
altered muscle resembling the Anitschkow ‘‘myocyte”! with a 
slightly central or eccentric, dark staining body with fine chromatin 
lines radiating peripherally. Many capillaries are still distended by 
sausage-shaped emboli of fat. 

Later on, at 51 hours, the extravasated red cells are crenated and 
pale, the disintegrated muscle further resorbed, the accumulated 
cells fewer and fibroblasts more numerous. About some of the fat 
masses there are very minute droplets of fat in the muscle fibers 
(Fig. 3) as Warthin noted: “In the Marchi preparations around the 
blackened masses of fat are numerous muscle fibers, the sarcoplasm 
of which contains a dense accumulation of fine, black granules and 
small globules, arranged in longitudinal lines. The striations of 
muscle fibers with most numerous granules are absent or very faint.” 

At 10 days, regions of degenerated muscle cells between sausage- 
shaped, tortuous fat emboli remain as islets in broad bands of dense, 
young fibrous tissue. The resorption of the fat goes on apace (see 
Fig. 4). This gradual removal of the shrunken hyalinized fragments 
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of muscle and of fat continues (16 days) until at 20 days little else is 
left in the altered places except dense, vascular fibrous tissue con- 
taining free globules of fat. Oval-shaped phagocytes filled with 
coarse globules of fat, and others with a fine granular yellow-brown 
pigment, are numerous. After 30 days the fibrous tissue, still denser, 
almost completely replaces the muscle in one region from endocar- 
dium to epicardium (Fig. 5). But even after 30 days fat globules are 
still present in the fibrous tissue (Fig. 6). 


DISCUSSION 


Unchanged oil from canine adipose tissue was regarded as perhaps 
less objectionable than an oil quite foreign to dogs. The hemorrhage, 
infiltration with leukocytes, necrosis, appearance of fat in the muscle 
fibers, gross alterations of color, disappearance of necrotic tissue and 
cicatrization have all been described by others.!” " The differences 
we observed in these infarcts produced by canine fat were, in some 
particulars, related to the physical nature of the material used. The 
oil spread out in the capillaries in a manner similar to the distribution 
Wearn ” obtained of material he injected to study the capillary bed 
of the myocardium. The small size of the infarcted regions we pro- 
duced in dogs’ hearts with oil may be due to the liberal anastomosis 
Wearn demonstrated, and to the absence in the preparations we 
studied of vessels larger than capillaries plugged by the oil. Appar- 
ently infarction followed permanent blocking with oil of all the capil- 
laries in certain limited portions of the myocardium, rather than 
occlusion of some large or medium-sized artery, as takes place 
naturally with coronary thrombosis and embolism, and which has 
usually resulted in most of the occlusion experimentally produced. 
This contrast between these oil infarcts and the usual type in which 
vessel blockade is confined to the periphery is particularly note- 
worthy, notwithstanding the significance of the dissimilarity is 
possibly limited to infarcts produced experimentally. The depres- 
sions found on the outside of the hearts of dogs 16 to 30 days after 
injection of the oil suggest that the capillaries where the oil lodged 
belong to the perpendicular branches of the subepicardial division of 
the arteries described by Whitten.” 

We were surprised to find some of the oil still present after 30 days 
in the cicatrices. In preparations examined 6 days after injection 
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there were minute drops of oil in large phagocytic cells; evidently it 
is disposed of very slowly. About some, but not about all of the 
emboli of fat, the adjacent muscle fibers were fatty, as noted by 
Warthin. We are unable either to confirm or refute his opinion that 
the fat in such fibers was embolic and had accumulated in the muscle 
after passing through the capillary walls. Some of the droplets were 
larger than those found in the usual fatty degeneration of the myo- 
cardium, the ‘“‘herring-bone”’ or ‘‘tabby-cat”’ fatty change, for ex- 
ample. It may not be proper to assume that scars such as we studied 
would be widely disseminated throughout the myocardium if the oil 
had passed out through both coronary arteries so as to attain a wide 
distribution in the heart muscle. On the other hand, Vance has 
reported minute streaky or flame-like hemorrhages several milli- 
meters long scattered throughout the human myocardium from fat 
embolism due to automobile injuries. He also states that perma- 
nent scars due to ‘‘this process”’ have not been described. Perhaps 
pulsations of the human heart so aid in removal of fat emboli that 
minute focal scars do not follow, or possibly fat embolism should be 
added to the long list of causes now held responsible for disseminated 
minute scars throughout the myocardium, the so-called interstitial 
myocarditis. 

A third possibility is that death occurs too soon for such scattered 
scars to develop throughout the myocardium, that with fat embolism 
sufficient to produce these focal lesions in the heart, other organs, 
and especially the brain, are also involved and patients so afflicted 
die at the height of systemic generalized fat embolism. 
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DESCRIPTION OF PLATES 


PLATE 9 


1. (10 days.) The region of infarction is easily followed from one to an- 
other in these segments of the ventricles. In the more apical it is darker 
than the rest of the myocardium; toward the base beginning cicatrization 
has made it paler. Part of the pericardial sac with a little of the left lung is 
bound fast by fibrous adhesions to a portion of the periphery of the first 
four segments. 


2. (30 days.) Considerable of the outside of the heart is covered by ad- 
herent pericardium. Near the apex is one deep dent. Above and to the left 
several smaller depressions are near the right border. These are all infarcts 
partly cicatrized. 
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PLATE 10 


Fic. 3. (51 hours.) The large pear-shaped region is filled with blood in a mesh- 
work of fibrin. The injected oil is black as are also fine droplets of fat in the 
muscle fibers. Marchi and Bismark brown. 


Fic. 4. (10 days.) Extensive occlusion of capillaries by sausage-shaped emboli 
of dog oil. The torn places, most of them extending up and to the left. are 
filled with erythrocytes and among these are minute drops of fat in phago- 
cytes. Marchi and Bismark brown. 
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PLATE II 
Fic. 5. (30 days.) A low power illustration of one of the infarcts with myocar- 
dium replaced by highly vascular granulation tissue. The wall of the left 
ventricle here was only 3 mm. thick. Hematoxylin and eosin. 


Fic. 6. (30 days.) Large masses of dog oil in granulation tissue well advanced 
toward cicatrization. 
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BODY LENGTH AND ORGAN WEIGHTS OF 
INFANTS AND CHILDREN * 


A STUDY OF THE BODY LENGTH AND NORMAL WEIGHTS OF THE 
MORE IMPORTANT VITAL ORGANS OF THE BODY BE- 
TWEEN BIRTH AND TWELVE YEARS OF AGE 


JosEpH M. CoppoLetta, M.D., anp S. B. M.D. 


(From the Departments of Pathology, Harvard University Medical School, 
and the Children’s and Infants’ Hospitals of Boston.) 


Owing to the meager data regarding weights of normal organs of 
infants and children, it seemed advisable to make use of our records 
for this purpose. Our intention was only to do sufficient work to 
check up on published tables. Impetus carried us beyond this point 
and led us to examine all our available data and then to prepare for 
our own use tables and graphs for handy reference. These we have 
used to our own satisfaction for three years and we now publish 
them for what they may be worth. 

The graphs are self-explanatory. After due consideration we de- 
cided not to elaborate upon them, believing that the information as 
presented is amenable to such mathematical treatment as may seem 
desirable by persons interested. However, the data employed may 
be obtained from us, as well as those employed for graphs omitted 
from this article, in which the weights of the same organs have been 
plotted according to body length. For the benefit of those having 
use for the data included in the graphs, we include information about 
the methods of selection of material. 

At the Children’s and Infants’ Hospitals 2287 autopsy records 
were examined, of which 1043, or 45.6 per cent, were selected. Each 
selected autopsy contributed a normal weight of at least one vital 
organ. Similarly, 7194 autopsy records were examined at the Boston 
City Hospital, of which 155 or 2.15 per cent, between the ages of 6 
and 12 years were selected. These latter autopsies supplemented 
the data from the Children’s and Infants’ Hospitals, making a total 
of 1198. Upon these the substance of this study is based. 

* Received for publication May 31, 1932. 
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The following is a tabular summary of the records examined: 


No. Total 
. Years cases No. Per cent 
Hospital Age records per cent 
selected selected selected selected 


C.H.andI.H. | Birth to6yrs.| 2287 | 1914-1929] 1043 45.6 87 


6 to 12 yrs. 7194 | 1896-1929} 155 13 


Total 9481 1198 47-75 100 


The information gained from each selected autopsy record was 
tabulated in the following manner: 


Lungs Kidneys 
utopsy Age Body Heart Spleen| Liver Brain 
No. length Right | Left Right | Left 


e 
petted 


cm. gm. | gm. | gm. | gm. | gm. gm. | gm. 


6 mos. | 26-130) 6 mos.| 58 | 34 | 45 | 32 | 16 | 225 | 26 | 23 | Restricted 


Similarly the body length in centimeters and the weight of the 
various organs in grams were catalogued under the particular age 
period to which the case belonged. If an organ was recorded as dis- 
eased or otherwise abnormal, it was so marked and later rejected. 
When no demonstrable pathological changes were described, the 
weight of the organ was accepted as normal. Prematurity was suffi- 
cient reason for rejection. 

The selected cases were separated according to age into thirty-two 
periods, e. g., birth to 3 days (inclusive), 3 to 7 days, 1 to 3 weeks 
and so on (Table I). The average weight in grams of each organ and 
the average body length in centimeters for each age period were then 
computed. The figures are given in Table I. An attempt was then 
made to show graphically how the various figures for each organ at 
every age period were distributed above and below the computed 
arithmetical mean. Thus, the upper and lower limits of normal were 
ascertained. For each age period along the growth graph of each 
organ there was charted the number of organ weights which fell 
within 5 grams (in the lungs, ro grams; in the liver and brain, 50 
grams, and so on) of each other, above and below the mean weight. 

A similar graphic chart was constructed for the body length (Table 
II). Fach organ weight chart presents two graphs; a lower general 
growth graph between birth and 12 years, and a detailed upper 
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graph between birth and 2 years. Both graphs give the mean weight 
of the organ at various age periods, with a perpendicular scale show- 
ing the number and distribution of the individual weights which 
yielded the arithmetical mean. The upper and lower weight limits 
as depicted on the perpendicular scales are arbitrary and not actual 
values within which actual weights are grouped. A sample working 
sheet of the heart at the age period of 1 to 3 weeks is shown as 
follows: 

Grams 31 26 21 16 II 6 
Instances 2 12 21 7 I 

Here the upper line of figures represents the arbitrary weight of the 
heart distributed at 5 gram intervals from 31 down to 6 grams. The 
lower line represents the number of individual weights which fall 
within each 5 gram interval. The actual weights within each interval 
were represented on the working sheets as follows: 


GRAMS INDIVIDUAL WEIGHTS TotTaL WEIGHTS 
31-26 30, 28 2 
26-21 2%, 22, 25,2, 25,24; 23; 23, 
25, 25, 23, 22 12 
21-16 20, 20, 20, 20, 20, 20, 18, 18, 
17, 19, 18, 18, 18, 18, 18, 18, 
18, 17,17,17,17 
16-11 12,14, 14, 14,15,15,15 7 
11- 6 10 I 
Total No. of Weights .......... 43 
835 grams 


The lowest arbitrary figure in this sample sheet is 6 grams, although 
the lowest actual weight is 10 grams, which falls in the interval be- 
tween 6 and 11 grams. Likewise there are seven cases between 11 
and 16 grams, and so on. A similar system was used in the charts 
representing body length and the weights of the other organs, ex- 
cept that in the lungs cases were grouped within intervals of 10 
grams, and in the liver and brain 50 grams. 

On a single chart (Chart 10) the general growth graphs of all 
organs and body length are represented. The ordinates and ab- 
scissae are relabeled so that all graphs could be included. The 
graphs for the left lung and the left kidney are omitted because they 
correspond in general to the graphs for the right lung and kidney. 
No figures are available for the normal weights of lungs between 11 
and 12 years of age. 
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Because there were such wide variations, as shown in the charts, 
above and below the calculated arithmetical mean, another group of 
charts was prepared representing a correlation between organ weight 
and body length in order to show the weights of organs at any given 
body length. The same method used above in calculating the organ 
weight at each age period was employed. The weights were grouped 
within intervals of 5 centimeters from 45 to 140 centimeters of body 
length. Having calculated the mean weight of each organ at various 
height levels, charts were drawn and the individual weights were 
grouped as before on an arbitrary vertical scale above and below the 
calculated mean weight of the organ. A similar, but slightly less 
marked variation in the upper and lower limits of normal occurred 
in the second set of charts (not reproduced here). 

A comparison of our figures with those of other authors is given 
below: 


WEIGHT oF HEART 


Age Period Boyd! Authors’ 
20.6 gm. 17 gm. 

WEIGHT OF BRAIN 

Age Period Feer? Authors’ 
370 gm. 335 gm. 
460 “ 489 “ 

NorMAL WEIGHTS OF ORGANS OF NEW-BORN 

Organ Craig* Authors’ 
right 13 “ 


Bopy LENGTH 
Age Period Feer Hott & Howland‘ Authors’ Age Period Feer Holt& Howland* Authors’ 


Birth ... 50cm. §2.0cm. 49cm. yrs. ... 109cM. ...cM. 109 cm. 
104 106 “ 
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TABLE I. ORGAN WEIGHTS 


Children’s and Infants’ Hospital Series 
Supplemented Between 6 to 12 Years by Data from the Boston City Hospital 


Lungs Kidneys 

Age length Heart Right Left Spleen | Liver Right ian Brain 

cm. gm. gm. gm. gm. gm. gm. gm. gm. 

Birth-3 days 49 Ty 21 18 8 78 13 14 335 

> * 49 18 24 22 9 96 14 14 358 

1-3 wks. 2 19 29 26 ro | 123 15 15 382 

5 52 20 31 27 12 || £27 16 16 413 

5-7 *“ 53 21 32 28 13 | 133 19 18 422 

~ * 55 23 | 32 29 13 | 136 19 18 489 

9-3 mos. 56 23 35 30 14 140 20 19 516 
hs 59 27 37 33 16 160 22 21 540 

5 61 29 38 35 16 188 25 25 644 
 * 62 31 42 39 17 | 200 26 25 660 

ee 65 34 | 49 | 41 19 | 227 | 30 | 30 691 

s * 65 | 37 | 52 | 45 | 20 | 254 | 31 | 30 714 
9 “ 67 37 53 | 47 20 | 260 | 31 30 750 

1o “ 69 39 54 51 22 | 274 32 31 809 

= * 70 40 59 53 25 | 277 34 33 852 

= * 73 44 64 57 26 | 288 36 35 92 

' ied 74 45 66 60 26 | 304 36 35 944 
H i 17 48 72 64 28 | 331 39 39 1010 
t 18 “ 7 | 52 | 72 | 65 | 30 | 345 | 40 | 43 | 1042 
20 “ 79 56 | 83 74 | 30 | 370 | 43 | 44 1050 

22 * 82 56 80 75 33 | 380 | 44 44 1059 

~~ 84 56 88 76 33 | 304 47 46 1064 

; 3 yrs 88 59 89 77 37 | 418 48 49 1141 
een 99 73 go 85 39 | 516 58 56 1IQI 
f % 106 85 | 107 | 104 | 47 | 596 | 65 | 64 1237 
: 6 * 109 94 | 121 122 58 | 642 68 67 1243 
7 © 113 100 | 130 | 123 66 | 680 69 70 1263 

11g 110 | 150 | 140 69 | 736 74 75 1273 

9 “ 125 | 115 | 174 | 152 73 | 756 82 83 1275 
19“ 130 | 116 | 177 | 166 85 | 852 92 95 1290 
=. * 135 122 201 190 87 | 909 04 95 1320 

m * 139 | 124 oe 93 | 936 | 95 | 96 | 1351 
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TABLE II. Bopy LENGTH 


Children’s and Infants’ Hospitals Series 


Supplemented Between 6 to 12 Years by Data from the Boston City Hospital 


Birth-3 days 49 15 14 mos. 74 30 
49 15 16 “ 77 26 
1-3 wks. 52 29 a 78 22 
xs “ 52 30 20 “ 79 21 
s-7 “ 53 16 a 82 Ir 
re * 55 40 24“ 84 20 
9-3 mos 56 53 3 yrs. 88 36 
59 36 99 14 
61 41 106 16 
6 62 43 109 36 
* 65 35 113 41 
65 29 119 21 
eq * 67 18 q * 125 27 
to * 69 20 ro 130 20 
7° 20 135 17 
a * 73 II a * 139 16 


In all charts of weights (Charts 2 to 9 inclusive) the column of figures on the 


left refers to grams, that on the right in Chart 10, to centimeters. 


In Chart 1, the column on the left refers to centimeters. In all charts, the 
upper line of horizontal figures is the age scale for the upper graph, the lower 


line for the lower graph. 
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MULTIPLE LIVER ABSCESSES CAUSED BY A LEPTOTHRIX, 
WITH A REVIEW OF LEPTOTHRICAL INFECTION * 


N. Harris, M.D. 
(From the Department of Pathology, Vanderbilt Medical School, Nashville, Tenn.) 


Mycotic abscesses of the liver are quite uncommon, and of those 
encountered the etiological agent is usually an actinomyces.! As yet 
there are no cases on record of liver abscesses produced by a clado- 
thrix or leptothrix. The case herewith reported is one in which mul- 
tiple abscesses of the liver were found to be caused by a leptothrix 
which was successfully grown on artificial culture media. 

The members of the leptothrix group of microdrganisms have a 
very low pathogenicity, but have been grown on artificial culture 
media only rarely. According to Huntemiiller* they are frequently 
found as saprophytes in the human mouth. Von Beust * found lepto- 
thrices regularly in gingivitis and stomatitis, but their significance is 
uncertain. Mendel‘ isolated an anaerobic leptothrix from a case of 
alveolar pyorrhea and found it pathogenic for animals. Infection of 
the lachrymal canals by leptothrices with production of Parinaud’s 
conjunctivitis is fairly common, and infection of the pharynx with 
these microérganisms is even more so; in the latter case a pseudo- 
membrane closely resembling that seen in diphtheria is formed 
which may be very resistant to treatment, lasting for months with- 
out causing much inconvenience.” 

In 1896 Flexner * reported the isolation of a pathogenic leptothrix 
from a rabbit which died five days after parturition. Acute pleuritis, 
pericarditis and pneumonia were associated with acute endometritis, 
all caused by the same organism. Cultures were obtained only by 
the use of fresh tissue, fetal tissue giving the best results. The or- 
ganism was highly pathogenic for rabbits. A summary of the litera- 
ture relating to cladothrix and leptothrix infections concludes his 
article. 

Follet and Sacquépée ® in 1902 reported the isolation of a lepto- 
thrix from the blood stream and from the vesicles of a patient with 
an atypical zona. The spinal fluid was normal. Their organism 
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seems to have been a cladothrix, for they saw false branching occa- 
sionally. 

In 1901 Blumer and MacFarlane’ reported a series of sixteen 
cases of noma following an epidemic of measles in an orphan asylum. 
Nine cases were examined bacteriologically, and in all a leptothrix 
was found. In early cases few other organisms were present, but 
later secondary invaders were abundant. The organism stained 
poorly by Gram’s method but did not decolorize. The leptothrix 
could not be cultured. 

In 1905 Mathews * reported a case of localized empyema due to a 
leptothrix. The organism appeared as free filaments, and more 
abundantly in colonies forming small yellowish granules. The fila- 
ments varied in length, stained readily but unevenly, showed irregu- 
lar thickening, and their ends were often slightly swollen. These 
ends stained more deeply and tended to be Gram-positive, while the 
rest of the filament was Gram-negative. Cultures failed to grow and 
guinea pig inoculation with pus was fruitless. 

In 1914 Schottmiiller * isolated an organism from the blood of a 
woman who had been bitten by an African squirrel and subse- 
quently developed pustules all over the body. Smears of the pus 
showed bacillary forms. Blood agar plates smeared with pus showed 
no growth grossly, but stained smears showed numerous sinuous 
filaments. Blood culture also showed no gross growth, but smears 
showed short filaments. Subcultures of these cultures showed no 
growth. Schottmiiller calls this organism a streptothrix instead of 
a leptothrix because of “die schén geschwungene und gewundene 
Wuchsform in der Eiterkultur,” although no branching was seen. 

Deussing '° in 1920 reported a case of leptothrix angina accom- 
panied by infection with a diplococcus and complicated by glomeru- 
lonephritis. The nephritis he attributed to the coccus, but Hunte- 
miiller feels that it may have been due to the leptothrix. Since the 
patient recovered this question must remain unsettled. The occur- 
rence of nephritis is of interest because of its presence in a case 
reported by Roedelius and Brack ™ in 1926. Their case was one of 
leptothrix mycosis of the tongue. The tongue became swollen and a 
small area of gangrene appeared. Incision for drainage was em- 
ployed but no pus was found; a piece of tissue was excised for section 
and culture. Following operation a leptothrix stomatitis appeared, 
and later an acute glomerulonephritis was noted. Sections showed 
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many filamentous organisms in the tissue. Attempts to culture the 
organism failed. 

In 1921 von Meyenburg ” saw a case in which an extensive ulcera- 
tive process in the stomach was associated with the presence of many 
small abscesses in the liver. Sections of the stomach showed filamen- 
tous organisms in the mucosa and submucosa. The liver showed two 
apparently different processes, small abscesses with central masses of 
streptococci, and small areas of necrosis with secondary leukocytic 
invasion and a few scattered cocci. A few filaments were seen in the 
latter lesions, but not in the abscesses. In one section masses of 
leptothrices were seen loosely filling two branches of the portal 
vein. Cultures of the abscesses contained streptococci only. 

Shortly thereafter Lang * reported a case of liver infarction asso- 
ciated with a chronic duodenal ulcer. There were many areas vary- 
ing in size, club-shaped or rounded and irregular, of gray-green color, 
visible through the capsule and for the most part sharply circum- 
scribed. Well defined zones of leukocytic infiltration about these 
areas were not seen, although a few foci of leukocytic infiltration 
were found. Within the bile passages at the edges of the affected re- 
gions were accumulations of long unbranched filaments and coccoidal 
bodies; both stained deeply with hematoxylin, but were Gram- 
negative. The nature of the coccoidal bodies was not clear, but they 
seemed to be growth forms of the leptothrix rather than staphylo- 
cocci. The affected bile ducts were widened and their walls thickened. 
Even more massive clumps of filaments, and occasionally cocci, were 
seen in the portal veins, which also were for the most part greatly en- 
larged. The veins and some of the adjacent hepatic arteries were 
thrombosed, and contained masses of leptothrices. Frequently ex- 
tension of filaments out into the sinusoids of adjacent and usually 
necrotic lobules was seen. Toxic action of the organism upon the 
tissues was not apparent, and definite abscess formation was lacking, 
the organisms acting purely mechanically by occlusion of vessels. 
Cultures of the organism were not obtained. 

Galli-Valerio  !° has repeatedly been able to isolate a leptothrix 
from cases of pleuritis previously diagnosed as being of actinomy- 
cotic origin. The organism in all instances appeared to be identical 
with a leptothrix isolated in 1896 by Piana and Galli-Valerio '* from 
a dog which died of a suppurative pleuritis. They named their or- 
ganism Leptothrix pleuriticus, but considered it identical with an- 
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other organism named Discomyces pleuriticus by Rivolta twelve 
years previously. In 1927,” and again in 1930,'* Galli-Valerio and 
Bornand reported more cases of infection by Leptothrix pleuriticus. 
In two of their total of nine cases attempts to grow the organism 
succeeded. 

There have been reported a number of cases of meningitis with the 
recovery from the spinal fluid, and in some instances from the blood 
also, of a Gram-negative, pleomorphic, coccobacillary organism 
which formed filaments varying in length. These have been con- 
sidered as leptothrices by the various authors, but in discussing 
these cases Mackenzie ’° says: “‘All these communications however 
afford no conclusive evidence that the filamentous organism belongs 
to the higher group of bacteria.’”’ However, in cultures of a series of 
twenty-five cases of meningitis caused by Gram-negative organisms 
other than the meningococcus, Mackenzie six times isolated an or- 
ganism which he considers a true leptothrix. The organisms all be- 
longed to one species and appeared in two phases, (a) a presporing or 
non-sporing phase, and (0) a sporing phase. 

From this review of the literature one can see that leptothrices 
have been discovered in the liver in only two instances. In neither of 
these was it proved that a leptothrix was responsible for the asso- 
ciated hepatic lesions. The case to be reported therefore appears to 
be the first recorded instance of leptothrical hepatic abscesses. 


REPORT OF CASE 


Clinical History: The patient was a girl of 11 years, native of a town in north 
Alabama, who while on a visit to a small town in south Tennessee began having 
chills about Sept. 1, 1930. During the next two weeks she had fever, and com- 
plained of weakness and pain near the right costal margin. She was at first 
thought to have malaria, but administration of quinine afforded no relief, and 
blood smears failed to show plasmodia. Typhoid was next suspected, and a 
Widal test is said to have been positive. The symptoms were not typical of 
typhoid, however, and during the latter part of September her temperature was 
normal in the morning with an afternoon rise to 104° F. The fever persisted, 
and she began having abdominal distention. This was at first intermittent, but 
ultimately became persistent. At the end of October abdominal paracentesis 
was performed and a large amount of fluid was withdrawn. The puncture 
wound drained for two weeks before healing. X-rays of the chest are said to 
have shown no abnormalities. During November her fever subsided somewhat, 
and she began to gain strength. She had no abdominal pain, bloody stools, diar- 
rhea, or constipation. About December 1 she developed a cough and began ex- 
pectorating large amounts of viscid yellow sputum. At the same time fever, 
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malaise and weakness increased, and she began losing weight. She was admitted 
to the Vanderbilt University Hospital Dec. 19, 1931. The past and family his- 
tories are irrelevant. 

Physical Examination: The significant findings were as follows: Tempera- 
ture, 102.4° F, pulse 132, respirations 36. She was emaciated (20 per cent under- 
weight), and although she was in no apparent distress paroxysms of coughing 
were brought on by movement. The skin was rough and scaly, and brown in 
color. There was no glandular enlargement. The tongue was raw and beefy and 
covered by white patches, and the tonsils were enlarged and injected. There 
was flatness at the right lung base laterally and posteriorly, and many coarse 
and fine rales were heard in this area. The right cardiac border could not be 
made out, but the apex was pushed to the left. The heart rate was rapid, but the 
sounds were normal. The abdomen was distended and contained fluid. The liver 
extended 5 cm. below the costal margin and the spleen was easily palpated. 

Laboratory Findings: Urine: Specific gravity 1.020 to 1.030, reaction acid, 
albumin 0, sugar o, occasional white blood cell, no red blood cells or casts. 

Blood: Red blood cells 3,050,000, white blood cells 13,600, hemoglobin 38 per 
cent. Differential count (supravital) showed neutrophils 75 per cent, lympho- 
cytes 19 per cent, monocytes 6 per cent. Wassermann and Kahn negative. 

Of four blood cultures two were sterile and two contaminated. Agglutination 
of serum for typhoid was slight twice (1:40 dilution) and negative once; negative 
for Paratyphoid A and B, melitensis, abortus, tularense and Weil-Felix. 

Stools showed no parasites or ova. Tuberculin negative with 2.5 mg. 

X-ray of the chest showed an abscess at the right lung base with infiltration 
of the surrounding parenchyma. The cardiac shadow was enlarged to both right 
and left. 

Subsequent Course: On the day after admission 700 cc. of clear yellow fluid 
with a specific gravity of 1.013 were removed from the abdomen. The cell count 
was 1800 erythrocytes and 5400 leukocytes; of the latter 95 per cent were 
lymphocytes, 4 per cent polymorphonuclear neutrophils, and 1 per cent mono- 
cytes. No organisms were seen in smears or cultures. With institution of pos- 
tural drainage of the lung abscess a small amount of non-malodorous pus was 
obtained and the cough became less severe. Eleven days after admission dilated 
veins were noted over the chest. At this time an X-ray following pneumoperi- 
toneum showed adhesions between the right diaphragm and dome of the liver. 
The abscess cavity was poorly visualized, and there was a small amount of 
fluid in the right pleural cavity. The general condition improved somewhat, 
although there was no gain in weight. Fluid reaccumulated in the abdomen, and 
at the end of the third week 1500 cc. were removed. Subsequently no more fluid 
collected. The temperature was always elevated and showed much irregularity; 
it was usually above 100° F, and varied 2 degrees or more daily. The 8.00 A.M. or 
noon temperature was usually the lowest, and the 8.00 p.m. or midnight tempera- 
ture the highest. During the fifth and sixth weeks it showed little variation, and 
was frequently below 100, but it again became irregular and rose above 103° F 
several times thereafter. X-ray of the chest at the end of the fourth week showed 
only the medial wall of the abscess with no longer a definite cavity. Another 
chest plate taken at the end of the sixth week showed little change in the lung, 
but much diminution of the cardiac shadow. By this time the child felt much 
better, and although she still had a high fever she was discharged after seven 
weeks in the hospital. Six days later she was brought back to the hospital in a 
moribund state and died a few minutes after being put to bed. 
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Autopsy FINDINGS 


Gross Description: The child was much undernourished and the 
layer of subcutaneous fat was very thin. The skin was dry and had a 
grayish sallowness which did not appear to be icteric. There were a 
few dilated veins over the chest anteriorly. The chest was pyramidal 
in shape, the lower portion flaring out markedly. A couple of needle 
holes were seen over the heart, the result of a postmortem pericardial 
tap which produced nearly 300 cc. of purulent fluid. The liver edge 
extended 8 cm. below the costal margin in the midclavicular line. 

Peritoneal Cavity: There were approximately 200 cc. of clear, 
straw-colored fluid in the peritoneal cavity. The liver was greatly 
enlarged and its margins were smooth and rounded. In addition to 
extending downward lower than normal it caused some elevation of 
the diaphragm. The omentum was reflected up over the anterior- 
superior surface of the liver, being adherent to it at places; it en- 
veloped the stomach and spleen, and was closely adherent to the 
latter. The liver and spleen were adherent to each other, and be- 
tween them was a small amount of yellowish mucoid pus. There 
were many fibrinous and fibrous adhesions about this abscess and 
over the surfaces of the spleen and liver, holding these viscera to the 
diaphragm. A few fibrinous adhesions were present about the pelvic 
organs, but the organs themselves did not appear abnormal. 

Pleural Cavities: There was no fluid in either pleural cavity. Fi- 
brous adhesions held the right lung to the diaphragm, and fibrinous 
adhesions were present between both lungs and the pericardium, and 
the diaphragm and left lung base. 

Pericardial Cavity: The pericardium was thickened, and when the 
pericardial sac was opened a shaggy deposit of fibrin was seen on all 
the pericardial surfaces with thick festoons connecting the visceral 
and parietal layers (Fig. 1). Approximately 100 cc. of thick, yellow, 
purulent fluid remained in the pericardial sac. In the anterior por- 
tion of the pericardium near the apex of the heart was a small cir- 
cumscribed collection of slightly yellowish mucoid pus from which 
smears were made. The thoracic viscera, diaphragm and liver were 
removed in one piece. 

Heart: A section through the ventricles revealed a very pale pink, 
soft myocardium. Further examination was not made as it was 
thought desirable to save the specimen intact. 
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Lungs: In general the lung tissue was normal, although there was 
some atelectasis. A small area of consolidation was found at the 
base of the right lower lobe, obviously the residuum of the lung 
abscess, as comparison with the roentgenograms showed. A fortu- 
nately directed section passing through the liver, diaphragm, and 
right lung base showed both the nature and manner of origin of the 
former lung abscess (Fig. 2, inset). An abscess in the upper part of 
the liver ruptured through the diaphragm into the pleural cavity, 
producing an adhesive pleuritis. Radiating from the thickened 
pleura into the lung was an area of fibrosis. Within the lung, pleura 
and diaphragm were small yellow flecks similar to those to be de- 
scribed in the liver. 

Gastro-Intestinal Tract: Not remarkable. 

Liver: When the common bile duct was cut a light yellow muco- 
purulent material escaped. Pressure upon the gall-bladder caused 
the escape of thick, dark brown bile. The gall-bladder wall was 
edematous. Several superficial abscesses were found in the liver by 
palpation, and a yellowish mucopurulent material was aspirated 
from one and used for cultural study. Sections through the liver re- 
vealed the presence of a great many abscesses varying in diameter 
from a few millimeters to 3 cm. These abscesses were grouped 
irregularly in the upper portion of the liver, and were abundant in 
both right and left lobes. A peculiarity of their distribution is that 
although the abscesses were very numerous in the lateral half of the 
right lobe and extended down quite far toward the inferior margin, 
in the medial half of this lobe they were much less numerous and 
were found only in the upper portion. There was, however, a con- 
tinuous chain of abscesses extending from the outermost edge of the 
right lobe to the outermost edge of the left lobe. All these abscesses 
appeared to be in association with bile ducts and contained a light 
yellow, or grayish mucoid pus. The pus was perfectly smooth and 
contained no granules. When the pus was permitted to escape from 
them the majority of the abscesses were seen to have irregular walls, 
while the larger spaces had smooth, glistening walls and were ob- 
viously greatly dilated bile ducts. The walls of both abscesses and 
bile ducts were stained dark green by bile. The abscesses and, to a 
less marked degree, the dilated, pus-filled bile ducts were bordered 
by an irregular zone of bright yellow or orange tissue (Figs. 1 and 2). 
A section passing through the left lobe of the liver, diaphragm and 
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pericardium near the apex of the heart showed a large abscess be- 
tween the pericardium and liver capsule, the diaphragm in this area 
having become necrotic and disappeared (Fig. 1). The liver capsule 
was much thickened. Within the abscess were many shaggy bands 
of fibrin surrounded by a thick, white, mucoid pus. Numerous ab- 
scesses were present in the upper part of the left lobe, and a com- 
munication could be demonstrated between one of these liver ab- 
scesses and the diaphragmatic abscess. The pericardium about this 
abscess was thickened in some places and quite thin in others. Al- 
though no fistulous connection between the pericardial cavity and 
the diaphragmatic abscess was found, it was obvious that the infec- 
tion extended from the abscess through the pericardial sac to the 
pericardial surfaces. Although the sinusoids were congested, the 
liver tissue surrounding the abscesses was pale and whitish pink in 
color. 

Spleen: The spleen weighed 270 gm. It was deep reddish purple in 
color and contained numerous, small, blackish areas of hemorrhage. 
There was some increase in connective tissue. No abscesses were 
seen. 

Kidneys: The kidneys weighed 160 gm. each. They were en- 
larged and soft. The cut surface bulged outward markedly and 
showed extreme congestion. The ureters and bladder were normal. 

The pancreas, adrenals and genital organs were not remarkable. 


Microscopic EXAMINATION 


Heart: The surfaces of the visceral and parietal pericardium are 
greatly thickened by a newly formed fibrous tissue with many fibro- 
blasts and delicate collagen fibrils and numerous strands of unor- 
ganized fibrin. This tissue is very vascular and is infiltrated by 
moderate numbers of polymorphonuclear leukocytes, plasma cells, 
and a few large mononuclear leukocytes. Areas of hemorrhage are 
numerous in the parietal pericardium. The serosa is completely 
missing. Upon the superficial layer of the pericardium there is a 
thick, irregular layer of fibrin and many polymorphonuclear leu- 
kocytes (Fig. 5). A section taken through the abscess near the apex 
of the heart shows a much more chronic process than is seen else- 
where in the pericardium. [he connective tissue is very dense and is 
infiltrated by large numbers of plasma cells, polymorphonuclear 
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neutrophils, and large mononuclear leukocytes. The diaphragm is 
also infiltrated by these cells. The muscle cells are atrophic and 
many of them have disappeared. The mononuclear leukocytes are 
greatly enlarged and have a foamy cytoplasm; they are abundant, 
and in many areas are the predominant cells. There are many foci in 
which tissue liquefaction has occurred, and about the margins of 
these foci is a zone of large mononuclear leukocytic infiltration. 

Lungs: The sections show some collapse of the alveoli, with mod- 
erate numbers of polymorphonuclear leukocytes within the alveolar 
capillaries. A section from the left lower lobe includes the parietal 
pericardium. Between the visceral and parietal pleura is a small 
amount of fibrinous exudate containing a few polymorphonuclear 
leukocytes. The serosal cells are well preserved, and there is no or- 
ganization of the exudate. Beneath the parietal pleura is the much 
thickened parietal pericardium which has already been described. 
Duplicates of this section stained by Goodpasture’s carbol anilin 
fuchsin stain °° show moderate numbers of leptothrices within the 
pericardial exudate (Fig. 7). Sections taken from the area of con- 
solidation in the right lower lobe show great thickening of the alveo- 
lar walls, which in part results from fibrous tissue proliferation 
radiating outward from some of the bronchioles. Numerous foci of 
lymphocytic infiltration are seen. Some alveoli are completely 
effaced, but many are still patent, although nearly completely col- 
lapsed. These alveoli are lined by large cuboidal epithelial cells, 
and some contain a few polymorphonuclear leukocytes or a large 
mononuclear phagocyte with foamy cytoplasm. Some bronchioles 
contain many polymorphonuclear leukocytes and some desquamated 
epithelial cells. The pleura is much thickened by fibrous tissue 
proliferation and is adherent to the diaphragm, and within the 
pleura, diaphragm and bit of included liver are many groups of 
large, fat-laden mononuclear phagocytes identical with the occa- 
sional cell seen in the alveoli. These obviously gave rise to the yel- 
low flecks seen in the gross. Duplicates stained by the carbol anilin 
fuchsin stain show many leptothrices within the purulent exudate in 
the bronchioles (Fig. 6), and some are seen within polymorphonu- 
clear leukocytes. An occasional leptothrix is seen within an alveolus, 
but none is seen within the lung tissue or scar tissue. 

Liver: In the region of the abscesses tke liver capsule shows irregu- 
lar areas of slight thickening in which are some new blood channels, 
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but neither fibrin nor leukocytic infiltration. The sinusoids are con- 
gested and many contain small thrombi of hyalinized fibrin. The 
cells are atrophic, particularly those about the central veins and 
adjacent to the abscesses and areas of fibrosis, and many cells con- 
tain small fat vacuoles. In some areas hemorrhage has occurred into 
the cords of cells, and in others necrosis of the cells is seen. The bile 
ducts appear to be increased in number, and there is a great increase 
in fibrous tissue about them. Polymorphonuclear leukocytes are 
seen within some of the ducts and in the surrounding connective 
tissue. This increase in connective tissue is marked in some areas, 
many whole lobules being entirely replaced, although in some in- 
stances a few liver cells persist. This tissue is infiltrated by large 
numbers of plasma cells, lymphocytes, neutrophilic and eosinophilic 
polymorphonuclear leukocytes, and large mononuclear leukocytes, 
and represents an effort at localization of the abscesses (Fig. 3). 
Many abscesses of uneven size and irregular outline are seen. The 
material within their centers consists mainly of polymorphonuclear 
neutrophils, but at their margins where tissue liquefaction has not 
yet occurred the other leukocytes just mentioned are abundant. The 
tissue at the periphery of these abscesses is infiltrated by large num- 
bers of fat-laden, large mononuclear leukocytes (Fig. 4), many of 
which contain masses of pigment varying in color from dull yellow 
to orange, and some containing hemosiderin or hematoidin. The ab- 
scesses are obviously of various ages, some are very young, and 
others are healing. Sections stained by Goodpasture’s carbol anilin 
fuchsin stain show moderate numbers of long bacillary forms and 
some filamentous organisms in the abscesses. 

Spleen: There is a diffuse increase in the fibrous tissue of the 
spleen. 

The gastro-intestinal tract, pancreas, adrenals, kidneys and blad- 
der show no significant changes. 

Comment: The essential features of this case consist of the pres- 
ence of multiple liver abscesses, a diaphragmatic abscess and a sub- 
acute pericarditis, ail demonstrated to be produced by a leptothrix, 
and a lung abscess unquestionably produced by the same organism. 
Rupture of a liver abscess led to formation of a subdiaphragmatic 
abscess with subsequent necrosis and disappearance of all the dia- 
phragm in a rather large area. Although no actual communication 
between the diaphragmatic abscess and the pericardial cavity was 


| 
| 


gr 
a | 
| 
t 


MULTIPLE LIVER ABSCESSES CAUSED BY A LEPTOTHRIX 81 


found, there can be no question that the pericarditis arose as a result 
of direct extension of the infection from the diaphragmatic abscess. 
Communication between the former lung abscess and a liver abscess 
was demonstrated, and although it is possible that the lung abscess 
was the primary focus of infection, it seems much more likely that it 
occurred as a result of rupture of a liver abscess. The source of the 
organism and the portal of entry to the body are obscure. No lesion 
of the gastro-intestinal tract was found which might have permitted 
invasion by the organism; however, there may have been such a 
lesion which had healed and left little or no trace of its presence. 


BACTERIOLOGY 


Smears: Smears of pus from the pericardial and liver abscesses 
showed many leukocytes and a few delicate Gram-negative fila- 
ments which showed no branching and varied from 20 to 150 mi- 
crons in length, the majority measuring around 100 microns. Many 
of these filaments were beaded and a few were relatively thick, taper- 
ing off at each end. A few examples of phagocytosis of these fila- 
ments by polymorphonuclear leukocytes were seen. No other 
microérganisms were present. 

Cultures: Aerobic cultures were made of the pus obtained from 
the liver abscess, the following media being used: yeast broth, ascitic 
fluid, glucose broth-ascitic fluid, blood agar plate, Sabouraud’s plate, 
Sabouraud’s stab and agar stab. An anaerobic culture with yeast 
broth and 3 cc. of pus was also made. Incubation was carried out 
at 36°C unless otherwise noted. The glucose broth-ascitic fluid 
tubes received a heavy inoculation, and a few organisms were later 
found in smears from one of the two tubes, a small amount of growth 
presumably having occurred. After 3 days incubation a small 
amount of growth was noticed in the anaerobic tube. After a couple 
of days the growth was more abundant, but heavy growth never 
occurred. Smears showed long filaments identical with those seen in 
the smears of pus. Anaerobic subcultures of this tube were made 
using yeast broth and yeast broth plus ascitic fluid with vaseline seal, 
and aerobic cultures using blood agar plates, Sabouraud’s medium, 
ascitic fluid with glucose, litmus milk, potato, and potato in yeast 
broth. Growth occurred in none, and anaerobic subcultures were 
again tried, using yeast broth with vaseline seal to which a small 


| 
| 


82 HARRIS 


piece of fresh kidney had been added. Growth occurred in this 
medium fairly well, the organism appearing as a flocculent mass at 
the bottom of the tubes. The sediment from two of these tubes was 
inoculated subcutaneously into each of two guinea pigs (Nos. 3 and 
4) with results to be discussed more fully later; suffice it to say at 
present that abscesses developed and that pus was taken from one of 
these (Guinea pig 3) and cultured anaerobically with recovery of the 
organism. 

The original culture was carried through 5 generations and the 
strain was then discarded, since a contaminating organism had been 
introduced by the fresh tissues used. A repetition of this accident 
was avoided by heating the tubes to 60° C for 30 or 45 minutes im- 
mediately after addition of the tissue. This heating was also in- 
tended to stop enzymotic action. Liver was at first used as well as 
kidney, but its use was not continued as fresh liver is frequently not 
sterile, and the introduction of contaminated tissue was avoided as 
much as possible. Subsequently only kidney was used. This me- 
dium permitted fairly free growth of the organism, but was rather 
unsatisfactory because of the precipitate formed as a result of heat- 
ing it to ensure sterility; this precipitate was rather abundant and 
concealed the amount of growth of the leptothrix. Subcultures of 
the original strain, which we shall call Strain 1 for convenience, were 
made using five blood agar plates, two Sabouraud’s medium plates, 
two flasks of bread medium (toasted bread crumbled with enough 
saline added to make a firm gell after sterilization) and one glucose 
agar plate containing ground up liver, all kept in an atmosphere of 
carbon dioxide. No growth occurred in any of these. One Sa- 
bouraud’s plate in CO: was kept at room temperature but showed no 
growth. Two Sabouraud’s plates and two blood agar plates were 
incubated in a chamber which had been exhausted to a pressure of 
25 mm. of Hg and in which the remaining oxygen was removed by 
the use of pyrogallol; no growth occurred here either. A third flask of 
bread medium was incubated aerobically, but no growth occurred. 
All these media were heavily inoculated, the inoculum being ob- 
tained from tubes of liver or kidney broth in which the strain was 
maintained. This strain was still growing vigorously at the time it 
was discarded, the contaminant which it had acquired apparently 
having no effect on its growth. Inasmuch as the organism had been 
meanwhile obtained in pure culture again and was growing vigor- 
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ously, no advantage was seen in maintaining the contaminated strain 
further. All but one of the subsequent cultures were anaerobic. 

Pus from the abscess in Guinea pig 3 was inoculated into two tubes 
of broth, three tubes of liver broth, and two tubes of kidney broth. 
The plain broth tubes received the heaviest inoculation, and after 
48 hours many small round colonies were seen on the side of one 
tube (Fig. 8); the other tube contained only two colonies, but these 
grew much larger than those in the first tube. Only one of the five 
tubes containing tissue showed growth, but when the others were 
reinoculated with colonies from the plain broth tubes abundant 
growth occurred. The strain so established we shall call Strain 2. 
This strain was carried through 16 generations and furnished ma- 
terial for most of the animal inoculations. In addition to the various 
culture media which have been previously mentioned as having been 
used, the following were tried with this strain of the organism: 
Dorsett’s egg medium (aerobic and in CO,), yeast broth with egg 
yolk, and glucose broth with egg yolk; the effect of addition of glu- 
cose to the broth and tissue was also tried. No growth was obtained 
on Dorsett’s medium. The second egg medium gave good growth if 
pus and glucose were present, but it was unsatisfactory because of 
the sediment in it. Glucose seemed to retard rather than to aug- 
ment growth except in the egg yolk medium, growth not occurring in 
its absence in this medium. 

A third strain was recovered from a subcutaneous abscess pro- 
duced in Guinea pig 7 by Strain 2. This strain was carried through 5 
generations. 


Characteristics of the Organism 


A. Morphological: The organism seen in smears of the cultures 
was unquestionably the same as the one seen in smears of the pus. 
It was Gram-negative, and stained poorly with most stains. Dilute 
carbol fuchsin gave the best results, although Wright’s stain and 
Loeffler’s methylene blue gave good results when prolonged staining 
was employed. Many filaments were beaded, but none appeared to 
be formed of strings of bacilli. Wright’s stain brought out the bead- 
ing extremely well, but it was still quite conspicuous in carbol 
fuchsin and methylene blue stains. The filaments did not bend 
sharply, but formed smooth sinuous curves. No clubbing of the ends 
of the filaments was noted, but some very thick fusiform filaments 
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were seen (Fig. 14). In one smear stained by Wright’s stain, what 
were at first thought to be spores were seen (Fig. 10); spore stains 
on other smears from this same culture showed that these structures 
were not spores — they appeared to arise as a result of longitudinal 
splitting of the filaments. Similar structures were not seen subse- 
quently, and never again was anything suggestive of a spore seen. 
The filaments varied in length; some cultures showed many bacil- 
lary forms (Fig. 12) and others showed very long filaments (Figs. 9 
and 13); many filaments were seen exceeding 300 microns in length. 
The bacillary forms were most numerous in media which offered less 
favorable conditions for growth. In no instance was unquestioned 
branching observed, although some instances were seen in which a 
short filament lay at right angles to another filament with its end 
touching the side of the other (Fig. 10). There is no doubt that the 
majority of these were only fortuitous. Where flocculent growth of 
organisms occurred they were pretty much matted together, and the 
colonies consisted of matted masses forming tough clumps which 
were mashed or teased only with some difficulty (Fig. 9). 

B. Cultural: The best growth was obtained in yeast broth con- 
taining a small piece of fresh kidney; whether heating made this 
medium better or not is not known. A fairly good medium was 
found to be yeast broth to which sterile pus had been added, or pus 
containing the leptothrices. Some growth occurred under partial 
aerobic conditions, as evidenced in the glucose-broth ascitic fluid 
inoculated with pus, and also by a tube of broth containing kidney 
which was inoculated and not resealed by vaseline. In these tubes 
bacillary forms of the organism predominated, but they were also 
numerous in the egg yolk-broth medium, and occasionally were very 
abundant in the broth-kidney medium. In the tubes of broth con- 
taining pus, discoid colonies were formed on the sides of the tubes. 
The colonies showed some variation in size, but averaged about 3 
mm. in diameter. Their centers were more transparent than their 
edges (Fig. 11), and radiating outward from their edges was a 
feathery tangle of filaments (Fig. 9). Generally growth occurred 
with colony formation on the tissue and on the sides of the tubes. 
The latter colonies were always small and were easily dislodged, 
many falling to the bottom of the tube at the slightest jar. The 
colonies growing on the tissue were not discoid in shape but grew out 
equally in all directions, forming hemispheres. They were somewhat 
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less tough than the colonies formed in the pus broth tubes, and they 
reached a considerably larger size, one of them reaching 5 mm. in 
diameter. The colonies in the tubes grew to larger sizes when only a 
few colonies were present. When subcultures were made, one of the 
colonies was fished out with a loop and rubbed on the side of the 
tube to be inoculated in order to break up the colony as much as pos- 
sible. Since some colonies were more easily broken up than others, 
there was much variation as to the amount of breaking up that oc- 
curred. In some tubes colony growth did not occur so readily, a 
more flocculent type of growth being found. It seems possible that 
this may have resulted from more thorough breaking up of the 
inoculum, although it is probable that many colonies were formed in 
these tubes and concealed by the precipitate within them. Subcul- 
tures of a culture kept at room temperature for 1 month failed to 
grow. Subcultures of a culture refrigerated 6 months showed no 
growth. 

Summary of Cultural Characteristics: Fairly free growth occurred 
only under ‘‘anaerobic”’ conditions in yeast broth containing pus, or 
fresh or heated animal tissue. Growth was not obtained on solid 
media. Occasionally flocculent growth occurred, but usually defi- 
nite colonies were formed. Under less favorable conditions bacil- 
lary forms were abundant. 


Animal Inoculation 


One-half cc. of pus from the liver abscess was given to each of two 
rabbits, two guinea pigs, and two baby rats. One rat received intra- 
peritoneal, and the other intrapleural injection, but showed nothing. 
The guinea pigs were inoculated subcutaneously; one pig showed 
only some induration about the site of inoculation for several days, 
but the other developed a small firm papilla which began to recede 
after 9 days, and 4 days later had disappeared; 3 days still later all 
induration had disappeared. One rabbit received the pus intra- 
venously, and the other received it intraperitoneally, an attempt 
being made to puncture the liver and inject the pus into it. The 
first rabbit showed no fever at any time. Three weeks after inocula- 
tion it was killed, but autopsy revealed nothing of interest. The 
second rabbit was killed after a month but nothing of interest was 
seen. 
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Meanwhile the organism had been found in the anaerobic culture 
of the pus and had been transferred to several tubes of broth-kidney 
medium. After several days growth the tissue was removed from 
two tubes and the tubes centrifuged; most of the supernatant fluid 
was poured off and the sediment used for inoculation. One guinea 
pig (No. 3) was inoculated subcutaneously with the material from a 
7 day culture, and developed a large firm nodule at the site of injec- 
tion. Sixteen days later it was killed and nothing of note was found 
except an encapsulated abscess at the site of inoculation. This con- 
tained a yellowish white pus; smears contained leptothrices, and 
anaerobic cultures contained many colonies (establishing Strain 2). 
The second tube, an 11 day old culture, was injected subcutaneously 
into another guinea pig (No. 4), two sites of inoculation being chosen, 
and two nodules appearing. After 3 days the nodules diminished in 
size, and after 2 weeks had disappeared. At the same time two baby 
rats and one mouse were given some of the culture subcutaneously, 
but showed no reaction. Subsequently three more guinea pigs re- 
ceived cultures subcutaneously. Nodules formed as before, and after 
16 days pus was aspirated and cultured from one pig, establishing 
Strain 3. The nodules in all three gradually diminished and disap- 
peared after about a month. A rabbit was inoculated subcutane- 
ously with material from two cultures. Fourteen hours after inocu- 
lation a large vesicle appeared but rapidly receded; underneath it 
however was an area of induration which gradually developed into a 
nodule nearly 1 cm. in diameter. Seventeen days later aspiration 
was attempted, but failed because of thickness of the contents. 
Thirty-eight days after inoculation the abscess ruptured spon- 
taneously. 

Intraperitoneal inoculations with cultures were tried with three 
baby rats and two guinea pigs. The rats died 2 days later and 
showed nothing. The guinea pigs appeared very ill for a few days, 
but rapidly recovered and were apparently normal a week later. 
One of the two pigs was killed 12 days after inoculation. A small 
globule of pus was found free in the peritoneal cavity, and another 
was found attached to the wall of the seminal vesicle. A culture of 
the pus produced many colonies. This strain was subcultured but 
failed to grow. It was thought that if a sterile peritonitis could be 
produced it might be possible to establish the leptothrix within the 
peritoneum. Accordingly a guinea pig was given some aleuronat in- 
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traperitoneally shortly before the culture was given. The animal 
became very ill, but soon recovered. A mass was palpable in the 
abdomen, and after 25 days the pig was killed. Several loops of small 
intestine and the seminal vesicles were adherent to each other and to 
the anterior abdominal wall. A small yellow spot was found on one 
seminal vesicle. This was cultured, but no growth occurred. 

Intravenous injection of cultures was tried with two rabbits. The 
first received all the material in two 4 day old cultures and had a 
diarrhea for a week, but never developed fever. Eighty-one days 
later the animal was killed, but the tissues showed nothing of note. 
The second rabbit received a single colony which measured 5 mm. in 
diameter, the remainder of the material in the tube being rejected. 
This animal showed no reaction of any kind. 

Intrahepatic injection of material from three cultures was carried 
out on one rabbit. The abdominal cavity was opened and the liver 
injected in two places. Some leakage was seen to occur at the sites of 
injection. One month later the animal was killed, but no definite 
lesions were found. 

An attempt to enhance the virulence of the organism by rapid 
passage from animal to animal met with early defeat. Subcutaneous 
inoculation of one guinea pig with pus removed from an abscess pro- 
duced by injection of a culture of the organism in another pig re- 
sulted in the formation of a small nodule which very soon dis- 
appeared. 

As controls each of two guinea pigs was injected subcutaneously 
with the sediment in two tubes of unused sterile broth-kidney 
medium. One showed no reaction, and the other developed a small 
nodule which very soon disappeared. 

Summary of Results of Animal Inoculation: Abscesses were pro- 
duced in guinea pigs and rabbits by subcutaneous inoculation of cul- 
tures. Intravenous and intraperitoneal injection of cultures caused 
only transitory indisposition of the animals. 


DISCUSSION 


The amount of experimental work done with this organism is ad- 
mittedly inadequate. More extensive cultural studies including 
fermentation reactions with sugars were planned, but could not be 
done because of the special growth requirements of the organism. 
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An attempt to increase virulence by rapid passage from animal to 
animal was abandoned when it was found that the number of or- 
ganisms in the abscesses formed were not adequate to produce any- 
thing other than a very slight reaction in a second animal. Direct 
inoculation into the liver gave equivocal results and was not re- 
peated. Peritonitis could not be produced, although subcutaneous 
inoculations were successful. The results obtained are not without 
value however, and may offer help whenever a similar organism is 
recovered in the future. The organism recovered from this case is 
obviously different from all pathogenic leptothrices which have been 
heretofore described, and there is no evidence to indicate that any 
two of the leptothrices previously reported to be pathogenic to man 
are the same. The leptothrix producing the disease in this case seems 
to have a higher pathogenicity for man than those previously en- 
countered, as evidenced by the intense reaction to the presence of 
relatively few organisms. The fatal outcome of the case is another 
evidence of high pathogenicity, although the presence of the severe 
pericarditis makes it impossible to say whether or not the child 
would have died because of the liver abscesses. It is quite possible 
that she would not, for many liver abscesses were healing and the 
lung abscess healed nearly completely. 


SUMMARY 


1. A summary of the literature pertaining to leptothrices patho- 
genic to man is presented. 

2. Report is made of a case of leptothricosis in which multiple 
liver abscesses were formed, with rupture of one abscess into the 
base of the right lung and formation of a lung abscess, and rupture of 
another in the left lobe of the liver, leading to the production of 
pericarditis. 

3. The organism was isolated in pure culture from the liver and 
successfully carried im vitro through many generations. No other or- 
ganisms were present in the lesions. 

4. Experimental work with the organism showed it to be slightly 
pathogenic for rabbits and guinea pigs. 

5. This organism has apparently never been previously encoun- 
tered. 
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DESCRIPTION OF PLATES 


PLATE 12 


Fic. 1. Thoracic viscera and liver. The normal relations have been somewhat 
distorted in fixation. 
A = cut surface of left lobe of liver showing multiple abscesses. B = 
diaphragm. C = abscess which has destroyed a portion of the diaphragm. 
D = inner surface of the parietal pericardium. E = outer surface of peri- 
cardium. F = heart. G = right lung. H = left lung. 


Fic. 2. Right lobe of liver and right lung base. 

The large photograph shows the numerous abscesses, dilated bile ducts, 
and the yellow and orange flecks in the liver. Infiltration of the lung base is 
also seen. 

The inset shows the reverse surface of this slab, about 1 cm. lateral to the 
other surface. Note rupture of abscess through the diaphragm, adhesive 
pleuritis and extension of infection into lung. 


ia) 


AMERICAN JOURNAL OF PaTHOLOGy. VoL. IX PLATE 12 
I 


nN 


Harris Multiple Liver Abscesses Caused by a Leptothrix 


| 
| 
> 


Fic 


Fic. 


FIG 


Fic. 


Fic. 


PLATE 13 


. 3. Liver. Abscess surrounded by large amount of fibrous tissue. Hema- 
toxylin and eosin stain. x So. 


4. 


Liver. Edge of large abscess with numerous fat-laden monocytes at 


outermost border. Hematoxylin and eosin. x 80. 


. 5. Pericardium. Serofibrinopurulent exudate into pericardial cavity above, 
granulation tissue of thickened pericardium below. Hematoxylin and eosin. 
x So. 


6. 


Leptothrices in exudate in bronchus at right lung base. Carbol anilin 


fuchsin stain. x 2000. 


Leptothrix in pericardial exudate. Carbol anilin fuchsin stain. x 2300. 
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PLATE 14 


8. Test tube containing numerous colonies of leptothrices. Culture of pus 
from subcutaneous abscess of guinea pig. x 1.8. 


9. Edge of one of the colonies in Fig. 8 illustrating the tangle of filaments 
with outward radiation of single filaments. Unstained. x 800. 


10. Smear of culture showing structure at first thought to be a spore. This 
organism also shows one of the very rare examples of what may be branch- 
ing. Wright’s stain. x 2300. 


11. Colony from Fig. 8 showing pale center and radiation of filaments out 
from the edge. Unstained. x 120. 


12. Smear of culture showing bacillary forms. Dilute carbol fuchsin. 
X 2300. 


13. Smear of culture showing beading of filaments, and variation in thick- 
ness and density of staining of various filaments. Dilute carbol fuchsin. 
X 2300. 


14. Smear of culture showing type of thick fusiform structure occasionally 
seen. Observe the tangled mass of long filaments and beading of some 
filaments. Dilute carbol fuchsin. 2300. 
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HISTOLOGICAL STUDY OF A CASE OF THE EASTERN TYPE 
OF ROCKY MOUNTAIN SPOTTED FEVER * 


Paut N. Harris, M.D. 
(From the Department of Pathology, Vanderbilt Medical School, Nashville, Tenn.) 


Although the disease now known as Rocky Mountain spotted 
fever had undoubtedly existed in Montana and Idaho for years, it 
began to receive attention only forty years ago, and it was not until 
1896 that it was first described as a clinical entity.1 Cases of the 
disease were soon recognized in other western states. The first case 
seen east of the Rockies was reported by LaBier in 1925.2 The pa- 
tient was a child, native of Terre Haute, Indiana, who was bitten by 
a “bug” which, although not identified, was presumably a tick. 
The child developed a disease clinically similar to Rocky Mountain 
spotted fever and eventually recovered. The Weil-Felix reaction was 
not determined. It remained, however, for Dyer, Rumreich and 
Badger * * ® in 1931 to establish upon an immunological and clinical 
basis beyond all doubt the existence of Rocky Mountain spotted 
fever in the eastern United States. In 1926 Maxcy ® demonstrated 
the existence of endemic typhus in the southeastern states, and since 
the publication of his studies cases of spotted fever have doubtless 
been erroneously regarded as typhus. 

In an analysis of 100 selected cases separated on the basis of epi- 
demiological considerations into two groups of equal size, the essen- 
tial differences between the two diseases as enumerated by Dyer and 
his coworkers *” ° are as follows: Cases of endemic typhus were pre- 
dominantly of urban origin and occurred in association with rat 
infestation. Rocky Mountain spotted fever occurred in persons liv- 
ing in rural sections, or having rural contact, on premises as a rule 
rodent-free, and in a significantly high percentage of cases followed 
shortly on tick bite. As well as could be estimated, the incubation 
period of typhus was seven to fourteen days, while that of spotted 
fever was usually less than a week. The rash in typhus appeared 
first on the chest and abdomen, over the legs anteriorly and laterally, 
and frequently on the medial surface of the upper arms. In many 


* Received for publication June 13, 1932. 
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cases there was no further extension, in a rather large number the 
back was next involved, and in the more severe cases the eruption 
became generalized. The face was always free, and in only one case 
of their series were the palms and soles involved. The rash was 
macular, rose or dull red in color and faded on pressure. In some 
cases many lesions were papular. The rash persisted for two to nine 
days and then rapidly disappeared. In spotted fever the rash nearly 
always was first seen on the wrists and ankles; it appeared next on 
the back, and rapidly became generalized. The palms and soles were 
frequently, and the face occasionally, involved. The lesions were at 
first roseolous macules, but by the middle of the second week they 
had become petechial in all but the mildest cases. At this stage and 
subsequently the rash was purpuric and as a rule most abundant on 
the wrists and ankles, legs, upper part of the back, shoulders, lateral 
surfaces of the arms, chest, abdomen, palms and soles, and face — in 
the order mentioned. Petechiae, when numerous, often became con- 
fluent. Evidence of the rash sometimes persisted for several weeks 
as dusky purplish or yellowish brown spots. In 36 per cent of the 
spotted fever cases the spleen was enlarged, and was usually tender; 
it was palpable in two and tender in one of the typhus group. Ri- 
gidity of the neck with presence of Kernig’s sign was noted in many 
of the spotted fever cases, but in only one case of typhus. A small 
ulcer at the site of the tick bite, with enlargement of the regional 
lymph glands, was occasionally noted in spotted fever. Disturbances 
of the central nervous system were much more severe in spotted 
fever. In both diseases lethargy, often associated or alternating 
with insomnia, restlessness or irritability, was present in nearly all 
cases. Stupor was more frequent and coma was present, only in 
spotted fever. Meningismus was frequent in spotted fever and some- 
times there was violent delirium. In endemic typhus the leukocyte 
count was generally normal or moderately diminished, while definite 
leukocytosis was present in spotted fever. In the endemic typhus 
series there were no secondary cases in any family. In the Rocky 
Mountain spotted fever type group there were three instances of 
occurrence of multiple cases in a household. In one instance three 
cases occurred at intervals of twelve days and seven weeks. In each 
of the other two there were two cases which occurred within a week 
of each other. Cases of typhus were rare among children, but spotted 
fever cases among children were more numerous. No deaths oc- 
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curred in the typhus group, while seven deaths occurred in the 
spotted fever group. Of 93 cases of spotted fever occurring in five 
states and the District of Columbia during the spring and summer of 
1930 death occurred in twenty-one instances (23 per cent). 

Until the appearance of Wolbach’s studies on Rocky Mountain 
spotted fever’ knowledge of the pathology of the disease was very 
inadequate. Wolbach collected reports of fifteen autopsies on spot- 
ted fever cases and added five more. In approximately ten of these 
twenty cases the central nervous system was examined and found to 
be free of lesions. Because of this the presence of brain lesions has 
been considered as of great diagnostic value in differentiating typhus 
from spotted fever. This criterion has recently been shown to be in- 
accurate in so far as the Eastern form of spotted fever is concerned. 
Dyer, Rumreich and Badger * * found brain lesions in approximately 
half of their guinea pigs and in two monkeys which had been inocu- 
lated with blood from cases of the Eastern form of Rocky Mountain 
spotted fever. Shortly thereafter Lillie * was able to demonstrate 
lesions in the brains of five people who died of a disease identified by 
Rumreich as being clinically and immunologically Rocky Mountain 
spotted fever. Lillie gives a full account of the pathology of these 
cases and compares it with the pathology of the Western form of 
spotted fever and with that of European typhus. The lesions ob- 
served in our case are nearly identical with those described by Lillie. 


REPORT OF CASE 


Clinical History: The patient was a white girl of 5 years, native of a small 
town in west central Tennessee, who was admitted to the Vanderbilt University 
Hospital June 4, 1931 for diagnosis. 

Seven days before admission she developed fever, was sluggish and sleepy, 
and failed to get up out of bed in the morning. She remained in bed thereafter, 
had a temperature of 102 to 103° F, was drowsy or even stuporous during the 
day, and at night was restless and irritable. She occasionally complained of 
“‘stomach-ache,”’ but only once complained of headache. Two days after the 
onset of illness an erythematous rash was noticed over the backs of the hands 
and lower legs. The rash rapidly became more extensive and soon spread to 
the body. During the last three days before admission she cried when moved, 
and for twenty-four hours her neck seemed stiff. Subsequently it was dis- 
covered that a tick had been removed from her shoulder about a week before 
she became ill. 

Physical Examination: Temperature 105, pulse 152, respirations 36. The 
child was drowsy but rational, and much dehydrated. She was at times restless, 
and any handling seemed to hurt her. The skin over the arms, legs and trunk 
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was covered by a rash which in places was macular and faded somewhat on pres- 
sure, and in other places was petechial. The neck was slightly stiff, and Kernig’s 
and Brudzinski’s signs were present. The heart, lungs and abdomen were not 
remarkable. 

Laboratory Findings: Urine: amber, acid, specific gravity 1.015, albumin o, 
sugar o. There was an occasional white blood cell; no red blood cells or casts 
were present. 

The blood showed white blood cells 15,600. Hemoglobin 12.6 gm. Differential 
count: polymorphonuclear leukocytes 79 per cent, lymphocytes 20 per cent, 
monocytes 1 per cent. Wassermann and Kahn negative. Blood culture nega- 
tive. 

Subsequent Course: Lumbar puncture produced a normal fluid under slightly 
increased pressure. On the following day the rash had spread, and there were 
bright petechiae covering the chest, neck, face and arms. The face, hands and 
feet appeared swollen. She was stuporous and at times irrational. A second lum- 
bar puncture revealed increased sugar but nothing else. The temperature mean- 
while had varied between 100 and 104° F, but was usually around 102 or 103° F. 
Application of a tourniquet to the arm on the third day in the hospita! caused the 
appearance of more petechiae. A stool contained changed blood. By this time 
the petechiae had darkened, some were confluent, and numerous bluish blotches 
appeared on the body. The edema became more marked and the eyes were 
swollen shut. Albumin appeared in the urine on the fourth day in the hospital. 
Weil-Felix reaction on blood drawn on the second day in the hospital was nega- 
tive, but blood drawn three days later gave a positive reaction in a dilution of 
1:40. Her condition failed to improve, and on the sixth day in the hospital the 
temperature rose to 105° F, and death occurred. A few rales were present in 
the lungs before death. 

A 6 year old brother, who was bitten by a tick at the same time, became iil 
two days after his sister was admitted to the hospital. He appeared to have the 
same disease, but recovered. 


Autopsy FINDINGS 


The skin showed innumerable petechiae, many of which had be- 
come confluent, forming large irregular splotches. The petechiae 
were most numerous in the locations in the order named, on the ex- 
tremities, back, chest, abdomen, neck and face. There was also a 
generalized edema which was most marked in the neck and face, and 
particularly on the left side. Both eyes were chemotic and the lids 
swollen, the left being the more edematous. There was also more 
edema of the left arm and hand than of the right. 

The peritoneal cavity contained nearly 300 cc. of clear yellow 
fluid. There were many small petechiae beneath the serosa of the in- 
testines, and some large petechiae in the mucosa could be seen from 
the exterior. The abdominal lymph glands were enlarged and pink. 
The right pleural cavity contained approximately 4o cc. of clear 
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yellow fluid and the left pleural cavity 25 cc. There was a definite 
increase in pericardial fluid, about 35 cc. being present. The lungs 
showed rather numerous areas of bronchopneumonia. A caseous 
tubercle 3 mm. in diameter was found in the right lower lobe near the 
hilum. There were moderate numbers of petechiae in the mucosa of 
the stomach and small intestine; only a few were seen in the colon. 
No ulceration of the mucosa was seen. The liver showed little, other 
than a few small yellow tubercles. The heart, pancreas and adrenals 
appeared normal. The spleen was enlarged, weighing 100 gm., and 
the tissue was soft and deep purple in color. The kidneys were in- 
tensely congested, and several petechiae were seen in the pyramids, 
but none were seen in the cortex or pelves. The urinary bladder 
contained a few. The brain showed some flattening of the convolu- 
tions and intense congestion of the cortical vessels. The meninges 
and cerebrospinal fluid were normal. No abnormalities were seen 
on gross section of the brain. 


Microscopic EXAMINATION 


Heart: Some of the capillaries and many of the smaller arterioles 
are thrombosed. A few are occluded only by a hyalinized mass of 
fibrin, but included within the majority of the thrombi are poly- 
morphonuclear and large mononuclear leukocytes. Many thrombi 
contain pyknotic nuclear fragments also. The surrounding tissue is 
infiltrated by large numbers of polymorphonuclear and large mono- 
nuclear leukocytes and plasma cells, and lesser numbers of lympho- 
cytes (Fig. 9). The endothelial cells of many of the blood vessels are 
much enlarged, but only a few of the smaller vessels are occluded as a 
result of swelling of the endothelium. There are a great many leuko- 
cytes within the blood vessels of all tissues studied, and they are 
more numerous in the smaller vessels than in the larger ones. Many 
of the larger arteries show deposition of small masses of compact 
fibrin upon their inner walls, but no such vessel is seriously occluded 
by the thrombus — in fact these vessels show no reaction other than 
slight leukocytic infiltration about them. There is some myocardial 
edema. There are many foci in which a few myocardial cells are 
necrotic and invaded by polymorphonuclear and large mononuclear 
leukocytes. There are a great many foci not definitely associated 
with either acute myocardial necrosis or with thrombosis of the 
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blood vessels in which the interstitial tissue is infiltrated by large 
numbers of plasma cells and large mononuclear leukocytes and 
few lymphocytes. The endocardium and epicardium are normal. 

Aorta: Normal. 

Lungs: There are numerous areas of bronchopneumonia. Within 
three sections of lung are seen a few arterioles completely occluded 
by fibrin thrombi, and small, dense masses of fibrin are seen de- 
posited upon the intima of a few other arteries. 

Gastro-Iniestinal Tract: Sections of the stomach, jejunum, ileum 
and colon show no mucosal lesions. However, within the submu- 
cosa and muscularis of each section there are several arteries which 
are partially or completely occluded by thrombi. The walls of these 
vessels are invaded by small numbers of leukocytes, some of which 
have pyknotic, fragmented nuclei. The endothelial cells of many of 
the unthrombosed vessels are swollen and the vessels contain many 
leukocytes. The tissue immediately about the thrombosed vessels 
and about some of the unthrombosed ones is infiltrated by plasma 
cells, large mononuclear leukocytes and a few mast cells; polymor- 
phonuclear leukocytes are also seen in varying numbers about these 
vessels. An interesting finding observed to some extent in all tissues 
is the presence of pyknotic nuclear fragments within large mononu- 
clear leukocytes in unthrombosed vessels. In the colonic submucosa 
are three longitudinally cut large arteries which have numerous thin 
patches of hyalinized fibrin deposited upon the intima; overlying the 
fibrin is a layer of thinned out endothelial cells, but there is no or- 
ganization of the fibrin. 

Abdominal Lymph Glands: Two small lymph glands are included 
in the section of stomach; the lymph sinuses are invaded by many 
large mononuclear leukocytes and polymorphonuclear leukocytes, 
many of which are phagocyted by the mononuclears. The germinal 
centers of some of the mesenteric lymph glands are hyperplastic. The 
sinusoids contain a few polymorphonuclear leukocytes, and many 
of these have been phagocyted by large mononuclears which are 
rather numerous. Within the reticulum of the glands are seen a few 
multinucleated cells only slightly larger than the average monocyte. 
Only a few thrombosed arterioles are seen within the glands, but 
within the surrounding connective tissue are many thrombosed 
arterioles with perivascular leukocytic infiltration. 

Liver: There are a few tubercles in the sections, one of which is 
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calcified centrally. The liver cells have shrunken away from the 
sinusoidal walls and there is a small amount of granular precipitate 
in the resulting space. The sinusoids are much congested and con- 
tain many monocytes and polymorphonuclear leukocytes. The 
Kupffer cells are enlarged, and some show phagocytosis of erythro- 
cytes and polymorphonuclear leukocytes. Some of the arterioles are 
partially or completely occluded by hyaline thrombi, and are sur- 
rounded by leukocytes. Small, hyaline, mural thrombi are seen in 
one portal vein and one hepatic vein. There is an infiltration of some 
of the portal areas by plasma cells and monocytes, even in the ab- 
sence of arterial thrombosis. There are several foci of no constant 
distribution in which a few liver cells have become necrotic and in- 
vaded by polymorphonuclear leukocytes. A few of the liver cells 
contain fat vacuoles. 

Pancreas: There are many foci in the pancreas in which the 
stroma is infiltrated by polymorphonuclear leukocytes, monocytes 
and plasma cells. Some of these are definitely associated with ar- 
terial thrombosis, but many are not. In many such areas there is 
also acute necrosis of the pancreatic alveolar cells, the insular tissue 
being uninjured. In addition to the numerous thrombosed small 
arteries, there are several large arteries which are partially, or com- 
pletely occluded by fibrin. The fibrin in the partially occluded ves- 
sels is covered by a single layer of greatly attenuated endothelial 
cells and shows no organization. 

Spleen: The splenic sinusoids are intensely congested and there 
are numerous areas of hemorrhage. There are many foci in which 
numerous polymorphonuclear and large mononuclear leukocytes are 
aggregated, and some of the sinusoids appear to be occluded by 
them. Some of the sinusoids are thrombosed. The monocytes show 
very active phagocytosis for red blood cells, polymorphonuclear 
leukocytes and lymphocytes. Although a few germinal centers show 
lymphoid hyperplasia the majority of the malpighian corpuscles are 
small, and there are few lymphocytes within the stroma. 

Kidneys: There is moderate vascular congestion throughout the 
kidneys. Within the areolar connective tissue outside the pelvis and 
within the capsule there are numerous thrombosed arterioles with 
the perivascular infiltration previously mentioned. Within the 
pyramids are a great many foci of infiltration of the interstitial tissue 
by large mononuclear and polymorphonuclear leukocytes and 
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plasma cells. Most of these are definitely associated with throm- 
bosed arterioles or capillaries. In the smaller and medium-sized foci 
there is no injury to the tubules (Fig. 11), and no leukocytes are 
seen within the tubules, but in the largest lesions some of the tubular 
epithelium is necrotic and the tubules are invaded by leukocytes. 
Some of the largest lesions have progressed nearly to the state of 
abscess formation (Fig. 10). Many of the larger lesions are asso- 
ciated with hemorrhage. Where the medullary rays are cut longitu- 
dinally it is seen that these foci of leukocytic infiltration radiate out- 
ward from the pelvis and are much longer in this diameter than they 
are transversely. The cortical tissue shows some parenchymatous 
degeneration, but is nearly free from lesions like those in the me- 
dulla. Except for a few focal lesions which are immediately adjacent 
to thrombosed vessels in the medulla or capsule, there are only two 
foci in the cortical tissue of two sections in which there is arteriolar 
thrombosis with perivascular leukocytic infiltration. One of these 
two thromboses is seen in the arteriole leading up to a glomerulus. 
One glomerulus is seen to contain a thrombus not associated with 
leukocytic reaction. Within some of the larger arteries of both cor- 
tex and medulla there are small masses of hyalinized fibrin covered 
by a thin layer of endothelial cells. 

Urinary Bladder: The bladder shows the same changes that were 
found in the intestine, namely, thrombosis and perivascular leuko- 
cytic infiltration of the arterioles of the submucosa and muscularis. 

Brain and Spinal Cord: A section of the lower thoracic spinal 
cord shows normal meninges, but within the fiber tracts are a few 
small, focal, perivascular cellular accumulations. There are two 
more such perivascular lesions at the extreme edge of one of the an- 
terior horns; the cells are mainly neuroglia cells, but there are also 
some monocytes out in the tissue about the blood vessels (Fig. 4). 
Some of the vessels are thrombosed. A section of cerebral cortex 
shows a few polymorphonuclear and large mononuclear leukocytes 
within the pia-arachnoid (Fig. 12). Sections of cerebral cortex, optic 
thalami, pons, basal ganglia and olivary bodies show numerous ex- 
amples of two apparently different types of lesions, and the sections 
of pons show a third type of lesion. The first type consists in the 
accumulation about blood vessels of large numbers of cells, pre- 
dominantly neuroglial, although some monocytes are also present 
(Figs. 3 and 6). The endothelial cells of these vessels are swollen, 
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and some of the vessels are occluded, but many are not. The second 
type of lesion consists of occlusion of arterioles by polymorphonu- 
clear and large mononuclear leukocytes, with infiltration of the sur- 
rounding tissue by some of these leukocytes (Fig. 5). The third type 
of lesion is a very striking one, and the lesions are much more exten- 
sive than the others. These are all in close association with partially 
or completely occluded arterioles, and consist in degeneration in an 
adjacent focus of the axones, which have become greatly swollen and 
nearly globular at points. Where the fiber tracts are cut trans- 
versely the appearance is that of large droplets (Fig. 2), but longitu- 
dinal section shows the “‘droplets”’ to be continuous with the fibers 
at each ed ‘Fig. 1). Many of these globular swellings show a collec- 
tion of very fine blue granules at one pole, and some show them at 
both poles. Occasionally one is seen which somewhat resembles a 
degenerated ganglion cell, but there cannot be the slightest doubt 
that practically all, if not all, of these structures are derived from 
axones. These structures show considerable variation in size, as 
reference to the plates will prove. Some large vacuoles are seen in 
the midst of these collections of degenerated axones, presumably re- 
sulting from complete degeneration and loss of the axonal material. 
That these lesions are areas of swelling of the axones is evidenced by 
the outward bowing of the normal fiber tracts which pass these areas 
and by the spaces at the edge of the lesions between the axones en- 
tering the lesions, as well as by the appearance of the lesions them- 
selves. These lesions are less numerous than are the other two 
types, but are by no means rare. They appear to be miliary infarcts 
resulting from arterial thrombosis. In addition to the true perivascu- 
lar cellular infiltration, many of the arteries within the brain tissue 
show an accumulation of monocytes in the stroma which accom- 
panies them in their course (Fig. 13). Examples of this are most 
numerous in the pons, but are very abundant in the olivary bodies, 
basal ganglia and thalami. 

Vertebral Bone Marrow: Not remarkable. 

Skin: Sections of skin from the buttocks and thigh show small 
areas of hemorrhage in the corium, thrombosis of the capillaries and 
arterioles in the skin, and thrombosis of the large arteries in the sub- 
cutaneous fatty tissue. The walls of the vessels in the true corium 
show much damage and the media is infiltrated by monocytes and 
polymorphonuclear leukocytes. The tissue about the thrombosed 
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vessels contains many monocytes and polymorphonuclears, and a 
few plasma cells and mast cells. This perivascular leukocytic in- 
filtration is most striking about the smaller arterioles and capillaries. 
Mast cells are seen in small numbers about the thrombosed vessels in 
other tissues, but are not as numerous as in the skin. Although the 
majority of the larger affected vessels in the subcutaneous fatty 
tissue are not completely thrombosed, many are, and many others 
which contain no thrombi are distended by blood. Some of the 
thrombosed vessels show hardly any leukocytic infiltration of their 
walls, but others have many leukocytes in their media and adven- 
titia (Figs. 7 and 8). The thrombosed vessels are all arteries, the 
veins being apparently uninjured. Although no effort was made to 
secure serial sections, many sections from each block were examined 
and a satisfactory, although imperfect, approximation to a con- 
tinuous series was thus obtained. In none of these sections is the 
perivascular leukocytic infiltration so widespread as to resemble the 
characteristic typhus nodules. The thrombi incorporate varying 
numbers of polymorphonuclear leukocytes and monocytes (endo- 
thelial leukocytes); in some thrombi the former predominate, and 
in others the latter are most abundant. Sections stained by Giemsa’s 
method and by Goodpasture’s carbol anilin fuchsin stain ° show 
Rickettsiae within endothelial cells and muscle cells of the media of 
thrombosed arteries (Figs. 14 to 19). 


DISCUSSION 


As justification for the diagnosis of Rocky Mountain spotted 
fever in this case several facts are offered. First, the history of tick 
bite followed by a disease which fits almost perfectly the picture of 
spotted fever described by Dyer and his coworkers, and which can- 
not be reconciled with their description of endemic typhus. Second, 
the rarity of typhus in children and the very low mortality rate of 
typhus also militate against the diagnosis of typhus. Third, the 
pathological identity of this case with those studied by Lillie. And 
fourth, experimental work by Dr. William Litterer, Director of the 
Division of Laboratories of the Tennessee State Health Depart- 
ment.!° This work has not been completed, but offers conclusive 
immunological evidence that the child did not have typhus. Blood 
taken during the last days of the patient’s illness was injected intra- 


a 
2 
= 


EASTERN TYPE OF ROCKY MOUNTAIN SPOTTED FEVER IOI 


peritoneally into guinea pigs, and the strain of virus has been main- 
tained to date by passage through guinea pigs. All of the animals 
given this disease have died; however, up till now only a relatively 
small number of animals has been used. Guinea pigs which have 
recovered from an attack of typhus induced by inoculation with a 
strain of endemic typhus virus maintained in the laboratory are not 
immune to the spotted fever virus from this case. The reciprocal 
cross immunity has not yet been done. 

The lesions found in this case are almost identical with those de- 
scribed by Lillie, differing in only a few minor details. Thrombosis 
and perivascular leukocytic infiltration in the mucosa and submu- 
cosa of the gastro-intestinal tract was present in this case and absent 
in the one case of Lillie’s in which the gastro-intestinal tract was 
examined. In our case a few arterioles in the lungs contained 
thrombi. This was not seen in Lillie’s cases. The only important 
difference is in the renal lesions. In Lillie’s cases there were many 
foci of perivascular lymphocytic infiltration; in our case the pre- 
dominant cells in the perivascular accumulations were polymor- 
phonuclear and large mononuclear leukocytes. 

The brain lesions observed in this case are identical with those de- 
scribed and illustrated by Lillie, and with the exception of our third 
type (Figs. 1 and 2) are also identical with those noted by Wol- 
bach ™ in his study of European typhus. This third type of lesion 
has not been seen in an incontrovertible case of typhus. It was ap- 
parently seen by Pinkerton and Maxcy ™ in a case diagnosed as 
endemic typhus, but it seems probable that their case was actually 
one of Rocky Mountain spotted fever instead. 

This third type of brain lesion appears to be characteristic of the 
Eastern form of Rocky Mountain spotted fever, and may prove to 
be a reliable histological criterion for the differential diagnosis of the 
two diseases. The occurrence of brain lesions in the Eastern form of 
the disease is apparently constant and constitutes an important 
difference between the Eastern and Western forms. These points 
can be clarified only by the study of more brains from human cases of 
the two forms of this disease. 

Demonstration of Rickettsiae in sections of skin was first accom- 
plished with Giemsa’s stain, using Wolbach’s technique.’ Since 
Goodpasture’s carbol anilin fuchsin stain had been found to give 
such excellent results with other microdrganisms, we wished to see 
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how well it would work with Rickettsiae. Wolbach tried this stain 
with the technique originally used and found that it gave fair re- 
sults, but was confusing because of intense staining of other material 
occurring in the lesions. Goodpasture subsequently improved the 
technique,’ and this modification was employed in the present study. 
If this technique is strictly followed it will be found that it will be 
necessary to run the sections through more than half a dozen times 
in order to stain the organisms deeply; for this reason the sections 
were stained for four minutes or more before decolorization, and 
running them through four times gave very intense staining of the 
organisms. If tissues other than skin are stained by this method 
they must not be stained for much more than a minute, for otherwise 
they cannot be sufficiently decolorized. This method gave very 
satisfactory results with the skin sections, the organisms within the 
muscle cells standing out strikingly, and all the photomicrographs of 
the organisms were made from sections stained by this method. For 
demonstration of the organisms within the muscle cells, and accord- 
ing to Wolbach they are found most abundantly in the smooth 
muscle cells of the media of vessels with the lesions, this method 
gives results fully equal to, and in our opinion superior, to the results 
obtained with Giemsa’s stain. Furthermore, the sections may be 
stained in much less time (less than an hour). For demonstration of 
the organisms within endothelial cells it is not so satisfactory, for the 
reason given by Wolbach. However, search of several sections will 
hardly fail to show a few endothelial cells in thrombosed vessels in 
which there is no question as to the presence of the organisms. One 
familiar with the appearance of Rickettsiae and familiar with the 
staining method will find it an excellent stain, but it cannot be 
recommended as one to be used routinely to replace Giemsa’s stain 
in the study of Rickettsial diseases, although it is a stain which may 
be used profitably to supplement Giemsa’s method. 

In addition to the two cases of Rocky Mountain spotted fever al- 
ready mentioned in this paper, three other cases occurred in Tennes- 
see in 1931. All five cases occurred within a relatively short distance 
of Nashville, and all the cases developed shortly after tick bite. In 
two cases the diagnosis was purely clinical, but the other three cases 
were shown by immunological tests not to be typhus. There was 
only one death in this series of cases. 
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SUMMARY 


1. The occurrence of Rocky Mountain spotted fever in Tennes- 
see and a histological study of a fatal case are herewith reported. 

2. The occurrence of brain lesions in the Eastern form of Rocky 
Mountain spotted fever reported by Lillie is confirmed. 

3. Attention is called to a type of brain lesion which may prove to 
be diagnostic of the Eastern form of Rocky Mountain spotted fever. 
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DESCRIPTION OF PLATES 


PLATE 15 


Fic. 1. Pons. Longitudinal section of focus of axonal degeneration. A throm- 
bosed arteriole containing many polymorphonuclear and large mononuclear 
leukocytes is seen at the inferior edge of the lesion. Phosphotungstic acid 
hematoxylin stain. x 200. 


Fic. 2. Pons. Cross-section of a similar area. A thrombosed arteriole is seen 
2 cm. to the left of the middle of the photograph. Phosphotungstic acid 
hematoxylin stain. x 325. 
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PLATE 16 


Fic. 3. Pons. This field shows thrombosis of an arteriole at the left, perivascu- 
lar cellular infiltration, and leukocytic infiltration of the pia about the blood 
vessel. Phosphotungstic acid hematoxylin stain. x 200. 


Fic. 4. Spinal Cord. Perivascular lesion with glia cells and some large mono-- 
nuclear phagoctyes. Hematoxylin and eosin stain. x 350. 


Fic. 5. Pons. Thrombosed arteriole with polymorphonuclear and large mono- 
nuclear leukocytes. Note cellular débris within the leukocytes. Phos- 
photungstic acid hematoxylin stain. x 550. 


Fic. 6. Pons. Perivascular lesion of typhus type. Phosphotungstic acid hema- 
toxylin stain. x 550. 
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Fic. 


PLATE 17 


7. Artery in subcutaneous fatty tissue. Note thrombosis, extensive leu- 
kocytic invasion of the media. and very slight perivascular infiltration. 
X 100. 

8. Artery in subcutaneous fatty tissue. Note thrombosis and leukocytic 
invasion of the vessel wall. There is far more leukocytic invasion of the 
tissues about the vessel than is usually seen. Hematoxylin and eosin 
stain. x 325. 

9. Heart. In addition to the marked interstitial leukocytic infiltration 
several thrombosed arterioles and capillaries are seen. Hematoxylin and 
eosin stain. x 375. 

10. Kidney. One of the larger lesions is shown here. There is extensive 
leukocytic invasion with necrosis of tubules. Two thrombosed vessels are 
seen, one near the middle of the photograph, and the other half way be- 
tween this and the lower right corner. Hematoxylin and eosin stain. 
x 225. 

11. Kidney. One of the smaller lesions. Note the thrombosed vessel with 
extensive leukocytic infiltration of the interstitial tissue and absence of 
damage to the tubules. Hematoxylin and eosin stain. x 325. 
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PLATE 18 


12. Cerebral meninges. This photograph shows clearly the types of cells 
appearing in the exudate. Hematoxylin and eosin stain. x 250. 

13. Artery in region of olivary bodies. This shows the type of cell infil- 
trating the pial vestment of the arteries. Hematoxylin and eosin stain. 
X 375- 

14. Group of Rickettsiae within muscle cell of media. A definite halo may 
be seen about most of the organisms. A portion of thrombus is seen at the 
lower left. 

15. Two groups of Rickettsiae within two different muscle cells. 


16. Group of Rickettsiae within a muscle cell. A portion of thrombus is 
seen below. 


17. The same field seen immediately above in Fig. 15, but focused at a 
slightly different level to show groups of Rickettsiae within adjacent muscle 
cells. 

18. Endothelia! cell containing two groups of Rickettsiae, one above the 
nucleus, and one below. Those above the nucleus are surrounded by a very 
distinct halo. 


14. Two groups of Rickettsiae. One group within an endothelial cell below 
the nucleus, and the other group within a muscle cell to the left of the en- 
dothelial cell nucleus. Several of these organisms are surrounded by a faint 
halo. 


‘IGS. 14 to 19 are photomicrographs of Rickettsiae found in the walls of 


thrombosed arteries in the skin. All were stained by Goodpasture’s carbol 
anilin fuchsin stain and are magnified 2700 diameters. except Fig. 19 which 
is magnified only 2000 diameters.) 
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METASTATIC CALCIFICATION OCCURRING IN 
MYELOGENOUS LEUKEMIA * 


Dominic A. DESanto, M.D. 


(From the Department of Pathology and the Fourth Medical Division, Bellevue 
Hospital, New York City) 


Metastatic calcification is a term originally employed by Virchow 
to designate a condition in which there is mobilization of the body 
calcium from its primary depots in the bones and redistribution to 
other tissues and organs of the body. Virchow’s original inferences 
that there was oversaturation of the blood with calcium derived 
from the bones and redeposition in distant sites of the body found 
universal acceptance because the condition usually accompanied 
disease in which there was extensive bone destruction, such as 
osteomyelitis, tuberculosis of bone, primary and metastatic tumors, 
and leukemias. 

Wells! reviewed the subject of metastatic calcification, and earlier? 
compared the processes of calcification and ossification. He reported 
a case of myelogenous leukemia in which calcium metastasis oc- 
curred and quoted the experiments of Tanaka * and others, who re- 
produced the condition in animals after intraperitoneal injections of 
calcium salts. In a careful review of the literature he discovered 
twenty-nine cases of this condition, to which he appended one of 
his own. The following, it is believed, is the second to be recorded 
in the American literature. 


Report OF CASE 


Clinical History: The patient, F. L., a girl 19 years of age, unmarried, native 
born, was admitted to the Fourth Medical Division of Bellevue Hospital on 
Dec. 5, 1931. Her chief complaints were weakness and general malaise, loss of 
appetite and weight, and enlargement of the abdomen of a year’s duration. 
The family history was essentially negative. As a child the patient had always 
been frail and of delicate health, but had had only the more common childhood 
diseases such as measles and diphtheria. On Feb. 24, 1931, she had been ad- 
mitted to another hospital complaining of an itching rash of two weeks’ duration. 


* Received for publication July 25, 1932. 


105 


| 
7 


106 DESANTO 


At that time the spleen was enlarged and the blood picture was characteristic of 
myelogenous leukemia. 

Physical Examination: Patient appeared as a frail white girl, extremely 
anemic, underweight and chronically ill. The skin and mucous membranes were 
pale, the teeth in good repair, the tonsils small. The neck showed a small dis- 
crete adenopathy of the angular and supraclavicular lymph nodes. The heart 
and lungs were essentially normal. A large mass, undoubtedly spleen, occupied 
the entire left half of the abdomen from the xyphoid process to the crest of the 
ileum. This was not tender. The liver was enlarged to two fingers’ breadth be- 
low the costal margin. Extremities showed muscular wasting but no edema. 
Small, discrete, bilateral inguinal lymphadenopathy was present. 

Laboratory Findings: The blood pressure remained about 100/60 throughout 
the course of illness. The urine always showed considerable albumin and many 
white blood cells. Wassermann test negative. Blood total nitrogen 30, sugar 
79 mg. per 100 cc. Basal metabolism on December 15 was + 75. On admission 
total white blood count was 21,200, 63 per cent immature forms, 22 per cent 
adult polynuclear neutrophiles, 2 per cent eosinophiles, 13 per cent lymphocytes, 
and the red blood count 2,200,000. 

Course of Illness: On December 7 sodium cacodylate, 1 gm. daily was started. 

On December 8 the blood showed 38 per cent hemoglobin, 3,080,000 red blood 
cells, 37,000 white blood cells. Smear showed many normoblasts and a pre- 
dominance of young granulocytic forms. 

December 16 the patient was very weak and complained bitterly of abdominal 
and lumbar pain which required large and frequent dosages of codein. The 
blood picture remained essentially unchanged. 

December 19 sodium cacodylate was discontinued because the patient had 
developed a garlic odor to the breath. Dullness and moist rales were present 
at the base of left lung. 

December 22 the patient received a transfusion of 500 cc. of whole blood. 

On December 24 the total white blood count rose to 66,000. 

December 29 radiation therapy was started. This was repeated once on De- 
cember 31. At this time there was pronounced mental lethargy. 

On Jan. 1, 1932, the patient was extremely toxic and comatose. She pre- 
sented a picture of terminal failure characterized by embryocardia, diffuse chest 
rales and coma. A blood count just before death showed 1,200,000 white blood 
cells, of which 92 per cent were granulocytes. 

Death occurred at 6.00 A.M. Jan. 2, 1932. 


Autopsy REPORT 


Autopsy was performed three hours after the patient’s death. The 
anatomical diagnoses were: myelogenous leukemia with involvement 
of the spleen, liver, kidneys, retroperitoneal and mediastinal lymph 
nodes, and the superficial supraclavicular and axillary lymph nodes; 
metastatic calcification of the left auricle, pulmonary veins, aorta 
and main pulmonary artery, and of the renal, coeliac, mesenteric 
and orifices of the coronary arteries. 
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The body was that of a young, adult, white female, who appeared 
about 15 years of age, of delicate slender frame, moderately ema- 
ciated. Body length 158 cm., weight 95 lbs. Skin smooth, pale and 
white. Nodular masses about 1} cm. in diameter were palpable in 
both supraclavicular fossae and in the axillae. 

Subcutaneous fat was absent over the thorax and slight over the 
abdomen. Recti muscles were delicate and poorly preserved. The 
spleen occupied the entire left side of the abdominal cavity from the 
dome of the diaphragm above to the pubic symphysis, displacing the 
small intestines to the right side. The superior anterior surface of 
the spleen was adherent to the posterior surface of the left lobe of the 
liver. The transverse colon dipped posteriorly to the upper half of 
the spleen, which appeared to compress it at that point. 

The thoracic cavity was essentially normal. 

Heart: Weight 250 gm. Right auricle and ventricle contained 
large masses of chicken-fat clot. Left auricle contained similar clot. 
Its endocardial surface was raised, thickened and had a chalky white 
color. The valves were normal. The endocardium in the sinuses of 
Valsalva of both pulmonary and aortic valves was thrown into a 
series of parallel longitudinal ridges about 1 mm. in length. These 
ridges occurred in the mouths of the coronary arteries. The entire 
length of the aorta showed at regular intervals a succession of these 
parallel ridges. The various visceral arteries, splenic, coeliac, mesen- 
teric and renal, were thrown up into these same ridges which felt 
brittle and often involved the entire cross-section of the vessel. 

Lungs: Right lung weighed 750 gm., the left lung 650 gm. The 
visceral pleura was pale pink and glistening. The lungs were gen- 
erally crepitant, save for areas in the periphery where small scat- 
tered infarcts were present. When sectioned, a grating sensation was 
imparted to the knife. The vessels were gray, felt calcified and pro- 
jected a few millimeters from the cut surface. The apertures were 
frequently thrombosed and often gaping. 

Liver: Greatly enlarged, weighing 2750 gm., and measuring 35 by 
22.5 by 15 cm. The color was dark reddish brown. Capsule smooth, 
edges sharply defined. On section consistence slightly increased. 
Small, linear, pale areas were visible throughout the cut surface, 
especially beneath the capsule. 

Spleen: Greatly enlarged, weighing 2550 gm., measuring 37.5 by 
15 by 10 cm. Splenic artery showed calcific changes as described. 
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There were two shallow notches at the mesial border and a large, 
solitary, wedge-shaped infarct just beneath the hilum. On section 
consistence firm, surface red and coarsely granular. 

Kidneys: Combined weight 400 gm. The capsule stripped readily, 
surface smooth, shiny and the color of chicken-fat. On section cortex 
slightly swollen and the cortical markings practically obliterated. 

Lymphatics: The perigastric, posterior mediastinal, superior and 
inferior periaortic and iliac nodes, as well as the superficial groups, 
were enlarged. The retroperitoneal nodes varied from x to 6 cm. 
in diameter, and were usually discrete, save for the periaortic groups 
which were fused. Cut surface had the appearance of fish meat. 


Microscopic EXAMINATION 


Tissues from the various organs were removed and fixed for 48 
hours in ro per cent formol solution, after which sections were em- 
bedded in paraffin and stained with hematoxylin and eosin, by 
Giemsa’s method and with Weigert’s elastic tissue stain. Smears of 
the bone marrow were stained with Wright’s blood stain. 

The bone marrow smears show fairly typical myeloid transforma- 
tion with every variety of granulocyte present, particularly the early 
forms. 

The liver, spleen and lymph nodes show characteristic leukemic 
deposits. 

The endocardium of the left auricle is the site of extensive cal- 
cium deposition which is sharply limited to the subendothelial elastic 
fibers. These are swollen, often ruptured and impregnated with 
calcium salts, assuming an intense purple stain with hematoxylin. 
The elastic fibers are separated by numerous necrotic cells, prob- 
ably leukocytes, themselves staining deeply for calcium. The 
deeper layers contain numerous neutrophilic leukocytes spreading 
apart the auricular myofibrils. The vasa vasorum of the myo- 
cardium and epicardium contain leukemic thrombi. 

The arterial changes are best demonstrated in the aorta. Hema- 
toxylin and eosin-stained sections demonstrate that a selective cal- 
cification is confined almost exclusively to the inner elastic lamina, 
which like the elastic fibers of the auricle described above, is swollen, 
stains deeply with hematoxylin and is thrown into exaggerated folds 
corresponding to the macroscopic ridges. With Weigert’s elastic 
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tissue stain some of the elastic fibrils are seen to be ruptured. Sec- 
tions of the main pulmonary artery and of the smaller visceral 
arteries, particularly the splenic, reveal identical changes. In every 
case the grossly visible ridges in the vessel walls are seen to corre- 
spond to points of rupture of the calcified elastic laminae. 

Lung sections reveal a uniform, widespread and pronounced dila- 
tation of the pulmonary veins by leukemic thrombi. In sections 
these distended vessels are so prominent as to comprise almost one- 
fifth of the area of a cross-section. The intima of these veins shows 
widespread calcification and fragmentation. Occasionally the calci- 
fied endothelium and subendothelial tissue is desquamated or par- 
tially detached from the vein wall. Where points of rupture of the 
elastica are present, the veins are thrown into bizarre patterns. A 
few arterioles show similar changes but the venous changes are 
predominant. 

The interalveolar capillaries are distended with leukemic blood. 
Oftentimes the interalveolar septa are calcified and ruptured. No 
calcium is found deposited in the bronchial epithelium or cartilage. 

The kidneys show leukemic infiltration of both cortex and me- 
dulla. Many of the tubules and ducts are converted into deep 
purple-staining masses of calcium. Often rings of calcium occupy 
the lumen. Elsewhere the lining cells show calcification of the in- 
tracellular substances and detachment from the basement mem- 
brane. Occasionally, calcium is found in the glomerular tufts and 
in the space between capsule and tuft epithelium. The medullary 
ducts contain numerous leukocytes, many of which stain for calcium. 


DISCUSSION 


The lesions described above are fairly typical of those to which the 
term ‘‘metastatic calcification’’ has been applied. Metastatic calci- 
fication differs from a number of types of pathological calcification 
in that previous degenerations or necroses of tissue are not essential 
prerequisites. It is best regarded as a fundamental disturbance of 
calcium equilibrium in which calcium is mobilized from the depots in 
the long bones and reprecipitated in other organs and tissues of the 
body. 

As Wells pointed out, the elastic tissues of the body, especially the 
elastic laminae of systemic arteries, are favorite sites for calcium 
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metastases. Wells believes that this predeposition of the elastic 
tissues resides in the physical constitution of elastic fibrils, which 
under certain conditions are capable of adsorbing soluble calcium 
salts and reprecipitating them. Change of alkalinity of the tissue 
fluids probably favors precipitation. He pointed out, too, that those 
organs which most frequently show this phenomenon generally 
excrete acids, whereupon there is a decrease in the acidity of the re- 
maining tissue fluids — a reaction favoring precipitation of calcium 
salts. Thus, the lungs excrete carbonic acid, the gastric mucosa 
hydrochloric acid, the kidneys acid phosphates. Hofmeister ‘ 
showed that the occurrence of metastatic calcification in the gastric 
mucosa was limited to interglandular spaces in the region of the 
fundus where the acid-secreting glands are located. 

In the lungs where CO; is excreted, the calcification, as would be 
expected, occurs in the alveolar septa and in the veins. In the left 
auricle and in the peripheral blood vessels where the CO, tension of 
the blood is diminished, metastatic calcification is also found. 

Where metastatic calcification has been encountered it has in- 
variably occurred in bone diseases, primary and secondary neo- 
plasms, suppurative processes and in leukemias. All of these condi- 
tions are characterized in common by osteolytic bone changes. 
Osteolysis, while it is uncommon, does occur in leukemias. Craver 
and Copeland * have recently made roentgenographic studies of the 
bone changes in leukemias. Of 100 cases of lymphatic leukemia and 
83 cases of myelogenous leukemia analyzed by them, 3 of the former 
and 1 of the latter showed definite roentgenographic evidence of bone 
involvement. The X-ray picture usually showed cortical destruction 
with punched-out areas of osteoporosis. The bones found most fre- 
quently involved were usually the pelvis, humerus, ulna, radius, 
spine and skull. The infrequency of these osseous lesions in the 
leukemias would correspond to the rarity of metastatic calcifica- 
tion as a postmortem finding. 

Conditions indistinguishable from metastatic calcification have 
recently been reproduced in experimental animals by injection of 
parathormone (Collip)®’ and by the prolonged ingestion *® of 
radiated ergosterol. Both these substances elevate the concentra- 
tion of blood calcium. The source of the increased blood calcium 
following parathormone injections is undoubtedly the long bones, as 
has been shown by Bauer, Aub, and Albright,® !° who found that loss 
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of trabeculae in the long bones of rabbits resulted after successive 
increasing dosages. That parathormone is capable of elevating 
blood calcium, even on a calcium-free diet, has been demonstrated 
by Hess and Lewis ™ and others. A marked hypercalcemia results 
when these animals are fed a normal diet, however. The mechanism 
whereby ergosterol and its allies produce hypercalcemia and meta- 
static calcification is unknown, though the fact that these substances 
may stimulate the parathyroid glands has been advanced as a likely 
explanation of their action. 

The writer has observed calcification of the pulmonary alveolar 
septa indistinguishable from that in the above case in a patient with 
chronic diffuse glomerulonephritis who died in uremia. Wells quotes 
Schmidt ” who described calcification of the myocardium of the left 
ventricle, pericardium, lungs, kidneys, pulmonary veins, stomach 
and systemic arteries in a patient with advanced nephritis. It ap- 
pears not unlikely that such forms of calcification are the same as 
those of the metastatic variety. 


SUMMARY 


1. A case is reported of metastatic calcification occurring in a 
young girl whose history indicated that she had had myelogenous 
leukemia for at least two years. 

2. The term is employed to designate a condition in which cal- 
cium is mobilized from the depots in the bones and reprecipitated in 
other tissues of the body, particularly elastic tissues, which are 
probably physically constituted to favor calcium adsorption and 
reprecipitation. Calcium deposition is also seen to be favored by any 
phenomenon which reduces the acidity of the tissue fluid. Hence, 
metastatic calcification occurs in those tissues where a change in the 
alkaline direction very likely occurs. 

3. Recent evidences mentioned show that the leukemias are 
rarely associated with osteolytic changes in the skeleton and this 
infrequency probably explains the rarity of metastatic calcification 
as a finding in leukemias. 

4. Finally, the identity of this condition with the calcifications 
occurring after administration of parathormone and _ irradiated 
ergosterol is reaflirmed. 
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DESCRIPTION OF PLATE 


PLATE 19 


Fic. 1. Photomicrograph of aorta showing selective calcification of the inner 
elastic lamina. Hematoxylin-eosin stain. x 100. 

Fic. 2. Photomicrograph of left auricle. Note the leukemic infiltration. The 
dense black areas represent areas of calcified elastic tissue fibrils. Hema- 
toxylin-eosin stain. x 120. 

Fic. 3. Photomicrograph of lung. Note the dense calcification of the pulmon- 
ary veins and of the interalveolar septa. Numerous points of rupture of the 
calcified elastica are seen. Weigert’s elastic tissue stain. x 100. 

Fic. 4. Photomicrograph of kidney showing leukemic infiltration and calcifica- 
tion of some of the tubules. Hematoxylin-eosin stain. x 120. 
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MYELOBLASTIC SARCOMA OF THE SCAPULA ASSOCIATED 
WITH CHRONIC SPLENOMYELOGENOUS LEUKEMIA * 


FRANKLIN S. Dusors, M.D. 


(From the Henry Baird Favill Laboratory of St. Luke’s Hospital, Chicago, and 
the Department of Anatomy, University of Alabama, University, Ala.) 


Hyperplasia of the hemopoietic tissues of bone marrow in mye- 
logenous leukemia has prompted many speculative considerations of 
the disease. Some propose that leukemias are tumors, but the argu- 
ments favoring or contradicting this interpretation of the disease are 
indecisive. A patient after many years illness with chronic myelo- 
genous leukemia occasionally has a growth of hemopoietic tissues in a 
bone and, because of local destructive extension and metastases into 
the viscera, the neoplasm has the characteristics of a malignant, 
marrow tissue tumor. Such conditions are described in this report. 
The myelogenous leukemia had been recognized for four years. The 
destructive tumor of the left scapula, and metastases in the axillary, 
biliary and cervical lymph nodes, the liver, pleura, spleen and 
twelfth thoracic vertebra, were demonstrated by the postmortem 
examination. 


REPORT OF CASE 


Clinical History: A white woman, aged 58 years, was in the care of Dr. Ralph 
C. Larrabee, Boston, from October 1927 until January 1930 for chronic spleno- 
myelogenous leukemia. When first examined by Dr. Larrabee the patient’s 
blood contained 2,792,000 erythrocytes, 312,800 leukocytes, 496,000 platelets 
per cmm. and the hemoglobin was 52 per cent. The distribution of the leuko- 
cytes was as follows: 55 per cent neutrophilic polymorphonuclear leukocytes, 
5 per cent lymphocytes, 2 per cent mast cells, 37 per cent neutrophilic and 1 per 
cent eosinophilic myelocytes. The patient reacted well to roentgen therapy 
over the spleen and on Dec. 109, 1927, the hemoglobin was 74 per cent and the 
leukocytes 18,600 per cmm. of blood. Evidence of leukemia was almost absent 
except for the persistence of many mast cells. During the spring of 10928, the 
leukemic condition of the blood returned and the patient became refractory to 
roentgen therapy. By October 1928, the hemoglobin was 44 per cent, the red 
cells 2,312,000 and the white cells 409,600 per cmm. Of the leukocytes 40 per 
cent were neutrophilic and 1 per cent eosinophilic polymorphonuclear leuko- 
cytes, 4 per cent were mast cells, and 48 per cent neutrophilic, 2 per cent eosino- 


* Received for publication June 5, 1932. 
Read at the meeting of the Southern Medical Association, Section of Pathology, 
held Nov. 17-18, 1932, at Birmingham, Ala. 
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philic and 3 per cent mast cell myelocytes. Although three roentgen treatments 
over the spleen were ineffective, three over the long bones (tibiae) caused marked 
improvement. By October 1929, she had again relapsed and roentgen therapy 
was not effective. Her general condition was unfavorable. 

In January 1930, she came under the care of Dr. Joseph A. Capps, Chicago, 
Ill. The blood had about 1,000,000 each of white and red blood cells per cmm. 
and the hemoglobin was 20 per cent. The spleen was especially large. At St. 
Luke’s Hospital roentgen radiations of the chest dorsally were continued twice 
monthly during the winter and summer of 1930, and the patient’s condition im- 
proved. The spleen decreased to about one-half its former size and on March 
31, 1930, the blood elements were 3,200,000 erythrocytes, 49,000 leukocytes, 
and 61 per cent hemoglobin. Later the leukocyte count varied between 78,000 
and 117,600, which it attained in September 1930. The following month the 
patient’s physician in Boston found her spleen not enlarged, and the blood with 
4,040,000 erythrocytes, 8400 leukocytes per cmm., and the hemoglobin 75 per 
cent. In the differential count of 100 leukocytes, 1 myelocyte, 10 eosinophils and 
11 mast cells were the only abnormal cells found. The patient had gained con- 
siderable weight and felt well. 

During the night of Jan. 26, 1931, she awoke with a severe pain in her back. 
The following day the lumbar spine was stiff to motion in all directions. Al- 
though there was no tenderness, an infarct of the spleen was considered probable. 
Subsequently there were several attacks of pain in the left shoulder, notably 
one on March 18, 1931, severe enough to require opiates for relief. On June 8 of 
that year, because of continued distress, X-ray pictures were taken of the left 
shoulder by Dr. George W. Holmes at the Massachusetts General Hospital. He 
noted moderate atrophy of the bones about the joint, but no evidence of tumor. 
On July 10, 1931, at the age of 62 years, she entered St. Luke’s Hospital,Chicago, 
because of extreme general weakness and occasional recurrences of the pain in 
the left arm and shoulder. Emaciation, a huge spleen and a rough systolic mur- 
mur over the cardiac apex were the essentials of the physical examination. 

The blood contained 2,290,000 erythrocytes, 18,900 leukocytes per cmm., and 
the hemoglobin was 39 per cent. Among 100 leukocytes there were 2 lympho- 
cytes, 12 neutrophils, 3 eosinophils, 20 band-shaped polymorphonuclear leuko- 
cytes, 46 myelocytes, 13 metamyelocytes and 4 myeloblasts. The white cells 
continued to increase gradually to 42,000 per cmm., but dropped to 26,350 on 
August 17. The chief complaint was continuous pain in the left arm and oc- 
casionally in the left shoulder. On August 9 these tissues became swollen, in- 
durated and tender, and a few small pale nodules appeared along the inner 
bicipital groove of the left arm. The temperature had ranged from 99 to 102,° 
but on August 19 it rose to 104.2° F, the pulse became 110 to 120 and the respira- 
tions 30 per minute. Death occurred Aug. 21, 1931, at 9.50 A.M. 


POSTMORTEM EXAMINATION 


The essentials of the postmortem examination made an hour after 
death by Dr. Edwin F. Hirsch were: marked hyperplasia of the 
spleen (myelogenous leukemia); sarcoma of the left scapula; meta- 
static sarcoma of the left axillary lymph nodes, the biliary lymph 
nodes, the spleen, liver, pleura and twelfth thoracic vertebra; 
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marked calcified senile arteriosclerosis of the aorta and its main 
branches; moderate cloudy swelling and fatty change of the myo- 
cardium; senile arteriosclerotic atrophy of the kidneys; edema and 
hyperemia of the leptomeninges; slight hydropericardium, and 
organizing fibrinous perisplenitis. 

The body weighed 113 pounds (50.4 kg.) and was 158 cm. long. 
Distal and lateral to the greater tubercle of the left humerus was a 
firm, freely movable, subcutaneous mass 2.5 cm. in diameter and 
elevated 2 cm. above the surrounding surface. This nodule was 
composed of dense white tissue lying close to the humerus between 
the two heads of the biceps brachii muscle. Tissues from this ex- 
tended beneath the clavicle and dorsally to the subscapular fossa of 
the scapula, with which bone it was continuous. There was a 
marked destruction and roughening of the acromion process, spine, 
and glenoid fossa of the scapula. Continuous with this mass were 
firm, gray, enlarged axillary lymph nodes which likewise extended 
proximally into the lower left cervical lymph nodes. When com- 
pletely dissected, the tumor tissue in the left axilla and anterior 
to the left scapula was roughly pyramidal in shape with the base 
10 by 9 cm., resting on the left ribs and extending laterally 9.5 cm. 
The three faces of the pyramid were respectively 9 by 9.5 cm., 
6 by 9.5 cm., and 8 by 9.5 cm. The surfaces made by cutting 
the tumor were mixtures of grayish pink and yellow necrotic tis- 
sues. The inguinal, right axillary and right cervical lymph nodes 
were not enlarged. The spleen measured 26 by 27 by 9.5 cm., and 
weighed 1620 gm. In and beneath the capsule on the diaphragmatic 
surface were many gray nodules with rounded surfaces; some as 
large as 2 cm. in diameter were in the firm, dark red, splenic paren- 
chyma. The liver weighed 2170 gm. and had a smooth glistening 
capsule, except in the center of the right lobe where there was a 
glistening white nodule 4 by 2mm. On surfaces made by cutting the 
liver there were many similar, small, indistinct white masses, and in 
the right lobe were four with diameters as much as 1 cm. Near the 
front and medial to the gall-bladder notch was a nodule 4 cm. in 
diameter with scalloped margins. On the right side of the body of the 
twelfth thoracic vertebra and continuous with the roughened bone 
was a nodule 1.7 by 1.5 by 1 cm. Deeply embedded in dense fibrous 
adhesions between the right lung and the diaphragm was a firm 
white nodule 1.2 by 1.3 cm. in its maximum dimensions. 
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The routine examination of the tissues included the lungs, in- 
nominate veins, superior and inferior venae cavae and their main 
branches, heart, aorta and its main branches, thoracic duct, thyroid 
gland, parathyroid glands, kidneys and ureters, pancreas, stomach, 
bowel, vagina, uterus, tubes, ovaries, urinary bladder, mesenteric 
lymph nodes, rectum, spine, ribs, and the bones. 


MIcROSCOPIC EXAMINATION 


Blocks of the tissues for microscopic examination were fixed in 
Zenker’s solution. Thin paraffin sections were stained with hema- 
toxylin and eosin, Mallory’s phosphotungstic acid hematoxylin,} 
eosin-methylene blue, Azur II-eosin and hematoxylin as used by 
Maximow,? and anilin blue azan (Heidenhain’s modification’). 
Other blocks were fixed in formalin, sectioned by the freezing 
method and stained for oxydase granules, according to Graham’s 
benzidine technique (Mallory and Wright,! see page 524) and for 
lipins with Sudan III. 

In the primary tumor, a scanty fibrillar stroma supports com- 
pactly and also loosely arranged spherical cells 10 to 20 microns in 
diameter with large oval or round vesicular nuclei (Fig. 1). The nar- 
row margins of cytoplasm contain fine oxydase granules. Many of 
these cells are like the hemacytoblasts of Maximow.* Elliptical cells 
20 to 40 microns in diameter are intermingled with these. They 
have a scanty homogeneous or finely granular cytoplasm and two to 
six irregular vesicular nuclei. The distinction of nuclei is uncertain 
because of the marked lobulations. A few cells in mitosis are noted. 
Lipins are not present in their cytoplasm. These giant cells closely 
resemble megakaryocytes but differ in being smaller and in having 
larger vesicular nuclei and only a little cytoplasm. Many with few 
nuclei resemble the young megakaryocytes described and illustrated 
by Maximow’ (see pages 116 and 118). A third variety of cell, inter- 
mediate in size and 20 to 25 mm. in diameter, has indistinct margins 
and contains a round, oval or indented nucleus. There is no bone 
production. 

The distended sinusoids of the hyperemic hepatic tissues contain 
many leukocytes in various stages of development, and a few 
erythrocytes. There are fatty changes of the cells toward the central 
portions of the lobules. The metastatic tumor tissues have a loosely 
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arranged and edematous fibrous stroma which supports round, oval 
or polyhedral cells 10 to 25 microns in diameter with granular cyto- 
plasm and vesicular nuclei (Figs. 2 and 3a). There are many giant 
cells as much as 60 microns in diameter with five or more oval or in- 
dented nuclei. The nuclei of others are fused lobed masses. Many 
cells are in mitosis (Fig. 3, e, g, h). These giant cells are similar to 
those in the primary tumor except that they are larger, more fre- 
quently in mitosis, and often appear to be syncytial masses such as 
might have been made by a fusion of smaller tumor cells. There 
are transitional forms between mononucleated and multinucleated 
tumor cells (Fig. 3, a, b, c, e, f). The scanty cytoplasm contains 
oxydase and neutrophilic and eosinophilic Ehrlich granules (Fig. 3d). 
These tumor cells in the liver metastases vary more in size, shape 
and staining reaction than those in the primary growth (Fig. 2). 

Most of the cells in the nodule in the region of the twelfth thoracic 
vertebra are 10 to 20 microns in diameter with round or elliptical 
vesicular nuclei. Each contains a single nucleolus, and is surrounded 
by a scanty homogeneous cytoplasm. Intermingled with them are 
oval or polyhedral cells 15 to 20 microns in diameter with basophilic, 
eccentric, elliptical or semilunar nuclei, sometimes multiple. Giant 
cells, similar to those described elsewhere, are scattered in the tis- 
sues. 

Follicles are indistinguishable in the hyperplastic, lower left cervi- 
cal lymph node tissues. The lymphoid cells (largely plasma cells) 
are in small groups and columns separated and intermingled with 
polynuclear leukocytes in various stages of development. Tumor 
cells, like those previously described, are focally disseminated among 
the lymphoid elements. In one region the fine fibrillar stroma is in 
interlacing bands that form alveoli filled with tumor cells. Neutro- 
philic and eosinophilic granules are demonstrated in the cytoplasm of 
the tumor and myeloid cells. 

In a lymph node from the region of the left biceps brachii, the fine 
fibrous stroma supports a few lymphocytes and many myelocytes. 
The latter fill the sinusoids and largely displace the lymphocytes in 
the follicles. No tumor metastases are found. 

In a lymph node from the region of the left adrenal gland there 
is a large amount of fibrous tissue in the capsule, septums and 
about the lymph nodules which are filled with plasma cells and 


lymphocytes. 
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Polynuclear leukocytes are scattered among young blood cells about 
twice as large as lymphocytes with colorless or faintly acidophilic 
cytoplasm and with blue, granular, band-shaped nuclei. 

In a tracheobronchial lymph node plasma cells and occasionally 
lymphocytes are widely disseminated so that follicles are not dis- 
tinguished. There are a few mononucleated or multinucleated giant 
cells, and slight fibrous changes. 

The stroma of the spleen is loosely arranged in fine and coarse 
bands which support compact masses of myeloid cells and occasional 
groups of lymphocytes so dispersed that the malpighian corpuscles 
are not distinguished. The metastatic nodules of tumor tissue are in 
all respects similar to those of other secondary growths. 

A nodule from the diaphragm is composed of tumor tissue resem- 
bling that previously described. 

The bony trabeculae of the left humerus takes a pale stain. The 
fat cells, sinuses, and all other normal structures of the marrow are 
replaced by dense interlacing bands of fibrous tissue with various 
hemopoietic cells (Fig. 4). Erythrocytes are few and megakaryo- 
cytes are numerous. These latter cells are elongated with maximum 
diameters of 40 to 60 microns and have from fifteen to eighteen com- 
pact, strongly basophilic nuclei surrounded by scanty cytoplasm. 
Other di- and trinucleated spherical cells with diameters as great as 
40 microns are occasionally seen, as are lymphocytes, plasma cells 
and polynuclear leukocytes. Of the granulocytes ‘‘band”’ cells pre- 
dominate. Neutrophilic myelocytes are abundant, while eosino- 
philic or basophilic are rare. 

In a vertebra the moderately increased fibrous stroma supports 
hemopoietic cells similar to those noted in the left humerus. Mega- 
karyocytes are infrequent while mature polynuclear leukocytes are 
numerous. In sections from one block, certain marrow tissues are 
necrotic. 

The dense connective tissue framework which predominates in 
preparations of the left humerus is practically absent in ribs. A fine 
reticular network envelops evenly disseminated marrow cells more 
nearly uniform in size and shape than those described above. Of 
these cells, those of the polynuclear series are most abundant and 
megakaryocytes are few. Fat cells, not noted in other preparations 
of bone, are present. 
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MYELOBLASTIC SARCOMA OF SCAPULA 


DISCUSSION 


The clinical, hematological, and postmortem observations estab- 
lish the diagnosis of chronic splenomyelogenous leukemia. The 
tumor of the left scapula is myeloblastic because it contains myelo- 
blasts, myelocytes and megakaryocytes, and is malignant because of 
the metastatic growths in the spleen, liver, pleura and the axillary, 
biliary and cervical lymph nodes. 

While sarcomas of the scapula are rare, no primary myeloid leu- 
kemia with sarcoma of this bone has been recorded. Fulghieri ° de- 
scribed myeloid leukemia associated, in the later stages, with a mye- 
loblastic tumor of the femur. In his report of a sarcoma of the skull 
with secondary growths in the spine, Ribbert ® described cells like 
those of bone marrow, some of which contained hemoglobin. He 
considered them erythroblasts and was able to demonstrate transi- 
tional forms between erythrocytes and tumor cells. Christian,’ in his 
report of multiple myeloma, stated that the description of erythro- 
blastic cells in Ribbert’s case was inadequate and that the hemoglo- 
bin content might be only stain from surrounding erythrocytes. 
Borst § mentioned malignant tumors with constituents like bone 
marrow in which occasionally he found all cells of the marrow but 
more commonly either megakaryocytes or leukocytes. Roman ® 
studied the tissues from two patients who had died with bone sar- 
comas. In one, with multiple malignant tumors of the bone marrow, 
there was extensive invasion of the spinal canal and cranial cavity 
and metastases into the retroperitoneal, inguinal, popliteal and me- 
diastinal lymph nodes. Histologically he found lymphocytes, plasma 
cells, granulocytes, and megakaryocytes in the tissues. In the sec- 
ond tumor, a sarcoma of the skull, spinal column and long bones, 
there were widespread lymph node metastases. Microscopically 
myeloid cells were identified. He referred to the reports of Mar- 
chand, Gussenbauer-Chiari, Dittrich and Schmidt which, in some 
respects, were similar to those he described. Fischer,?° in his study of 
an endothelioma of the liver, observed cells like those of bone mar- 
row, namely erythroblasts and myelocytes. In his differentiation 
between myeloid sarcoma (myeloma) and malignant giant cell sar- 
coma of bone Stewart " mentioned the rarity of islets of bone in the 
latter tumor and stressed the malignancy of the growth, in contra- 
distinction to myeloma which he considered benign. Froboese ” 
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likewise stated that myelomas are not malignant because metastases 
rarely, if ever, occur. This contention of Froboese was made after 
a study of a malignant growth of the sternum which contained mye- 
loblasts, myelocytes, erythroblasts and erythrocytes with their inter- 
mediate forms. Although Wallgren * found many myelomas with 
secondary growths he considered myeloma benign. Mieremet “ 
found megakaryocytes, erythroblasts, erythrocytes and various 
forms of polynuclear leukocytes in a tumor of the adrenal. Herscher 
and Thevenard ” observed malignant myeloblastic sarcomas: two of 
the skull and one of the sternum. Megakaryocytes and myelocytes 
were noted in the tissues. Saleeby * reported two symmetrical 
tumor masses of hyperplastic bone marrow attached to the inner 
surfaces of the fifth ribs in a hemiplegic patient dying of broncho- 
pneumonia. He briefly summarized the literature on heterotopia of 
bone marrow and recorded five cases not associated with either leu- 
kemia or pseudoleukemia. Warren” described an extensive retro- 
peritoneal tumor simulating bone marrow and concluded that the 
hemacytoblast of Maximow was the predominant cell. In addition 
to the type cell, he found erythroblasts, erythrocytes, megakaryo- 
cytes and cells of the polymorphonuclear series. Hirsch '* reported a 
myeloblastic sarcoma of the cranium with extensive local destruction 
and metastases to the cervical lymph nodes and right lung. He 
found myelocytes, leukocytes and megakaryocytes in the growth. 


SUMMARY 


Chronic splenomyelogenous leukemia complicated by a malignant 
tumor of the scapula, with metastases to the axillary, biliary and 
cervical lymph nodes, liver, pleura, spleen and twelfth thoracic 
vertebra, is described in this report. Both the primary and second- 
ary tumors contained cells resembling components of the bone 


marrow. 


I wish to express my appreciation to Mrs. Eleanor A. Hunt of the 
Department of Anatomy of the University of Alabama for the 
illustrations in Figure 3. 
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DESCRIPTION OF PLATES 


PLATE 20 


Fic. 1. Photomicrograph of the primary tumor to illustrate general configura- 
tion of the tissue. x 290. 


Fic. 2. Photomicrograph to illustrate marked variation in size and shape of 
tumor cells in liver metastases. x 840. 
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PLATE 21 


Fic. 3. Several types of tumor cells drawn at table level with a camera lucida. 
Approximately x 750. 
ar a = Mononucleated tumor cell. 
b = Binucleated tumor cell. 
c = Trinucleated tumor cell. 
d = Tumor cell with Ehrlich granules in cytoplasm. 
e = Trinucleated tumor cells. Note one nucleus in mitosis. 
f = Large multinucleated cell of the megakaryocytic variety. 
g = Tumor cell in multipolar mitosis (metaphase). 
h = Large megakaryocytic type of tumor cell in multipolar mitosis 
(prophase). 


Fic. 4. Photomicrograph to illustrate interlacing bands of fibrous tissue and 
variety of hemopoietic cells in the marrow tissues of the left humerus. 
X 290. 
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REPORT OF A CASE OF RETOTHELIOSARCOMA (RETICULO- 
SARCOMA) OF THE CEREBRAL HEMISPHERE * 


NATHAN CHANDLER Foot, M.D., AND SANDER COHEN, M.D. 


(From the Department of Pathology, College of Medicine, University of Cincinnati and 
the Cincinnati General Hospital, Cincinnati, Ohio) 


As the tumor we are about to describe is of an almost unique char- 
acter and presents considerable difficulties in the way of diagnosis, it 
seems desirable that the case should be reported in detail. Should 
one look through modern textbooks on brain tumors such as Cush- 
ing’s ' or Sachs’? one would find no description of an exactly similar 
neoplasm; nor have we been able to find any such detailed in shorter 
articles. 

The specimen was removed at operation in two stages by Dr. B. N. 
Carter at the Cincinnati Children’s Hospital, and submitted to our 
department for diagnosis. After a simple bone-flap decompression to 
relieve intracranial pressure, the tumor was later removed as com- 
pletely as the condition of the patient allowed at a second operation. 
A third procedure, to extirpate what was left of the deeper extension 
of the growth, was not feasible. The tumor lay about 3 cm. beneath 
the cortex of the left temporoparietal region and extended deeply 
toward the central part of the brain, where it was infiltrating to 
such an extent that sharp dissection was necessitated. Otherwise, 
the tumor had a capsule which rendered enucleation relatively simple 
elsewhere. Dr. Carter reports that he explored the left ventricle and 
found its lining smooth and apparently unaffected by the growth. 


REPORT OF CASE 


Clinical History: The patient was a white girl, 9 years of age, who had been 
well up to about eight months ago. She was a normal, full-term delivered baby 
and, aside from having her tonsils removed a year prior to the onset of symp- 
toms, had had no illnesses of consequence. The present attack began with se- 
vere frontal headaches, accompanied by vomiting of the projectile type, which 
came on about twice a week and were unaccompanied by nausea, usually follow- 
ing breakfast or supper. There was no abdominal pain. The child was bright 
and continued to go to school up to four weeks ago. She had had no disorders of 


* Received for publication August 1, 1932. 
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taste, smell or hearing, but had a sudden attack of blindness following an X-ray 
examination about a month previous to admission to the hospital. 

The essential findings on physical examination were as follows: The right 
pupil was larger than the left, the extraocular muscles acted normally, the optic 
discs were swollen and striated, their margins indistinct; the arteries of the fundi 
were contracted and their veins congested. There were no retinal hemorrhages. 
General physical examination was negative, save for the neurological findings. 
The knee jerks were absent and the Kernig, Babinski, Oppenheim and Romberg 
tests were negative. 

During her stay in the hospital a right homonymous hemianopsia was deter- 
mined and a diagnosis of left frontal tumor was made. After a month the Kernig 
sign became positive and the child’s spleen was found to be palpable. 

Following the operation there was paralysis in the right arm and leg, and 
ankle clonus on the right. The abdominal reflexes disappeared on that side also. 


The patient died almost two months after the operation and, al- 
though every effort was made to obtain a permit for complete au- 
topsy, permission was limited to an investigation of the brain. This 
was carried out by the hospital’s pathologist, Dr. Irving H. Schroth, 
without any material addition to our knowledge of the case, as noth- 
ing was found except ventricular dilatation and foci of infection in 
the neighborhood of the operative site. It is greatly to be regretted 
that our case must, therefore, remain uncompleted. 


THE TuMOoR 


Gross Examination: The specimen consisted of a mass 7.5 by 6.5 
by 6 cm. in size, fairly well circumscribed and enclosed in a sort of 
capsule, excepting at one point where the surface was irregular and 
ragged. A few small tags of brain tissue adhered to the capsule. The 
section surface presented circumscribed, pearly white areas that 
alternated with serpigenous streaks or local spots of an orange- 
colored tissue that gave the tumor a xanthomatous appearance. The 
growth was rather nodular beneath its capsule and the pearly areas 
suggested cellular alveoli, while the orange material may have been 
necrotic tissue or a stroma with lipoid infiltration. 

Microscopic Examination: Routine hematoxylin-eosin sections at 
once revealed that we were dealing with a most unusual brain tu- 
mor. Instead of the compact picture of a glioma, a meningioma, or 
that of an ordinary vascular or ependymal tumor, one finds that the 
greater part of the sections examined are composed of nests of enor- 
mous and very bizarre giant cells and syncytia which lie in a stroma 
of rather edematous connective tissue (Fig. 1). The cells have a 
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most pleomorphic appearance, ranging through the gamut of mor- 
phological variation they may be spheroidal, turnip-shaped, 
fusiform, unipolar or bipolar with long tail-like processes, or they 
may be cylindroid (Fig. 2). They contain a varying number of 
nuclei, which may be single and of enormous size, or multiple, in 
which case there may be from ten to twenty or more nuclei of varying 
size and shape. Some cells are strewn with minute vesicular nuclei. 
Mitotic figures are very abundant and range from quasinormal 
karyokinetic forms to the most bizarre and abnormal, multiple, 
asymmetrical, cross- or y-shaped types. It would be impossible to 
describe a nucleus typical for this growth, so varied are these in their 
morphology; on the whole, however, they show a deeply stained but 
delicate chromatin network and one or more distinct and often enor- 
mous nucleoli. The cytoplasm of most of these cells is pale and vac- 
uolated, though it may be slightly denser in the cell processes where 
it has become more compact. Micrometer measurements show that 
the large cells approximate 50 to 80 microns in their longest diame- 
ter, although one of them has attained a size of 192 by 80 microns. 
Their nuclei, when single, may be about 20 microns in long diameter, 
but one of the largest observed measured 40. The stroma of the 
tumor gives the general impression of trabeculae, between which are 
sinusoids that contain the tumor cells; one immediately thinks of the 
splenic architecture when one first looks at this tumor under low 
power (Roussy and Oberling *). 

While casting about for the possible origin of such cells, it is na- 
tural to search for fields where they are most uniform in their mor- 
phology, most free from necrosis or degeneration and apparently in 
their most healthy condition, as evidenced by more normal mitotic 
figures. Such areas may be found in this tumor and they exhibit 
small, actively dividing polygonal cells which tend to be joined 
through anastomotic processes — cells that remind one of the reto- 
thelium (reticulo-endothelium) of the lymphoid or myeloid tissues. 
On the average, they measure about 8 microns in diameter and con- 
sist mostly of a somewhat vesicular nucleus and a narrow rim of 
cytoplasm with radiating processes. 

As this tumor came from the brain, it might be derived from a 
number of sources: its healthier areas indicate a retothelial origin, 
but against this is the marked lack of vessels and the site of the 
growth; for although ordinary vascular tumors may be encountered 
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anywhere in the organ, the retothelial type is notably limited to the 
base, medulla, cerebellum and the spinal cord (Cushing,! Sachs,? 
Roussy and Oberling,* and Cushing and Bailey *). Other possible 
origins might be: (a) neuroglia, (b) ependyma, (c) meninges, (d) true 
nerve cells or ganglion cells. A metastatic origin cannot be ex- 
cluded, but there is nothing in the history or physical examination to 
indicate another primary focus, unless it be the spleen or the tonsils. 
The spleen was not noted as enlarged until some time after admis- 
sion. Concerning the tonsils we have no available pathological data, 
but they were not stated to be involved by neoplasia. 


SPECIAL METHODS OF EXAMINATION 


Neuroglia: We undertook impregnations of neuroglia cells and 
fibrils by means of a modified del Rio-Hortega method on frozen sec- 
tions (Foot,® and the new Wilder method on paraffin sections ®) ; neu- 
roglia fibrils were also sought with the familiar and reliable phospho- 
tungstic acid hematoxylin stain of Mallory. These methods fail 
utterly to demonstrate any neuroglial elements whatsoever; the 
large cells do not impregnate black, as should derivatives of spongio- 
blasts, but become either yellow or old gold. Their processes, it is 
true, are sometimes blackened, but not invariably, and they are 
never attached to vessel walls but trail off into the stroma. 

Ependyma: The preceding methods should demonstrate ependy- 
mal cells as well as neuroglia, but they fail to do so. In the phospho- 
tungstic acid hematoxylin sections one occasionally finds groups of 
tiny, violet granules clumped at the center of the cell, not far from 
its nucleus. Although this suggests the presence of blepharoplasts, it 
can scarcely be taken alone as an indication of ependymal origin in 
the face of the negative findings with neuroglial silver impregnations. 
Furthermore, the tumor does not obviously involve the wall of a 
ventricle. 

Meninges: Meningeal origin, we think, may be ruled out on the 
basis of the site of the tumor and of its architecture, which in no way 
suggests that of a meningioma. 

Neurocytes and Ganglion Cells: Here we encounter difficulties: sec- 
tions impregnated by a modified silver nitrate method (Foot ”) (Fig. 
1), and by the Rogers method ® show that the large cells may closely 
simulate ganglion cells; they have their general outline, their proc- 
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esses impregnate like the dendrites of pyramidal cells; and strange 
distorted forms resembling unipolar and bipolar neuroblasts may be 
found as gigantic cells. There are no demonstrable nerve fibers, how- 
ever, and although one might construe some of the smaller cells that 
surround their larger fellows as being capsule, or satellite cells, this 
would require rather too much imagination, for such an arrangement 
is only occasionally found in this tumor. The cells lack Nissl bodies, 
which are well brought out by the silver nitrate method in normal 
nerve cells. The Rogers method, which picks out medullated and 
non-medullated fibers with precision, as a rule fails to demonstrate 
any here. The silver methods do impregnate the tails and processes 
of the fusiform and polar varieties of the tumor cells, sometimes giv- 
ing them the appearance of coarse fibers, but this is also noted in the 
phosphotungstic acid hematoyxlin sections where wey take on a 
deep blue stain occasionally. 

Retothelial Cells: We are adopting the term “‘retothelial”’ for re- 
ticuloendothelial cells, as suggested by Roulet ® in his paper on 
“‘Retothelsarkom.”’ He says: “The term ‘Retothelsarkom’ is not 
only shorter than ‘Reticuloendothelsarkom,’ but it is likewise more 
correct, as the tumor takes its origin not from the endothelium of the 
lymph sinus, but from the covering cells of the reticular framework, 
which are better termed ‘refothelial’ cells.’’ This seems logical to 
us. Having considered the other possible origins of our tumor we 
are thrown back upon the first hypothesis of retothelial origin: let us 
test its validity in this case. Silver impregnation by the Foot and 
Foot method (Variant 3),!° which is excellent for connective tissue, 
demonstrates the presence of abundant collagenous fibers in the 
trabecular, hyaline portion of the stroma; from this black reticulum 
fibers radiate into the cell nests. Where the tumor cells are large and 
atypical the reticulum seldom penetrates between them, although 
it may do so occasionally. The picture is somewhat like that seen in 
a carcinoma. Where the cells are smaller and more uniform in their 
morphology, in the areas already cited as probably constituting the 
most recent and “‘normal”’ tumor growth, the reticulum forms a 
rather dense network among the cells, running along their cytoplas- 
mic processes and involving them in a loose felting of black fibers 
(Fig. 3). In these sections the resemblance to splenic tissue is much 
heightened by the presence of abundant collagen and some reticu- 
lum in the trabeculoid stroma. 
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Roussy and Oberling describe an ‘‘infiltration lipo-lipoidique”’ in 
their “‘angioréticulomes”’ and compare it to the infiltration seen in 
such dyscrasias as Pick-Niemann’s disease, believing it to be a 
process expressing necrosis of brain tissue, setting free of lipoid sub- 
stances from this and subsequent phagocytosis of this fatty material 
by the tumor cells. Frozen sections of our tumor, stained with 
scarlet R and hematoxylin, show a very rich lipoid content. Fine 
droplets form a sort of “‘milky way” in the hyaline portions of the 
stroma; there are collections of coarse drops and masses of this ma- 
terial at the periphery of necrotic areas and, most important, large 
numbers of droplets may be demonstrated in the tumor cells them- 
selves (Fig. 4). These may be completely filled with lipoid material, 
so that they take on the familiar ‘‘mulberry”’ appearance — the cell 
body a vermilion mass, the blue nucleus embedded in closely packed 
red droplets which may be found in the cell processes — just as one 
sees melanin granules in those of melanoblasts. Other cells may show 
a few small lipoid droplets. A discussion of the lipoid content of the 
neuroglia may be found in a recent article by Sjévall." The author 
cites Roussy and Oberling among other observers of this phe- 
nomenon. As the fat in the macroglia is deposited in smaller 
amounts than in the tumor cells under discussion and as Roussy 
and Oberling were cognizant of this when they mentioned it as a 
criterion of mesenchymal origin in the case of retothelial tumors, we 
may dismiss this as having but relatively slight importance in this 
case. 


DISCUSSION 


With these data at our disposal we cannot seriously consider a 
neurogenic origin for this tumor, however alluring may be the ap- 
parent similarity of its larger cells to ganglion cells; all our evidence 
points more clearly to the retothelium. That these monstrous cells 
may be of retothelial origin is indicated by past experience (Foot ”) 
as well as by comparison with more recent articles on the subject, 
such as Roulet’s. Against this diagnosis stands the dictum that such 
tumors occur in the base, hind brain or cord, rather than in the 
hemispheres; there seems to be no valid reason why they should not 
be found there as well; it is probable that they merely do not happen 
to have been met with in that situation. This tumor differs from the 
cerebral retotheliomas hitherto described in its very active growth 
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and definitely sarcomatous nature. We have recently seen and stud- 
ied one of the type described by Cushing and Bailey and by Roussy 
and Oberlin, which was located in the pontine region and corre- 
sponded exactly with their descriptions. In the case of that tumor 
there are abundant blood vessels and channels, but the mitoses and 
the very marked and bizarre distortions of morphology noted in our 
case are both absent. There are, it is true, numerous syncytial 
giant cells, but these are of a more orderly type of growth and exhibit 
few of the vagaries of those in the tumor we are discussing. 

Authorities agree that these neoplasms originate in perivascular 
or intervascular congeries of retothelial cells, and the fact that they 
may be relatively poorly supplied with vessels is also recognized. It 
would appear that our case represents a malignant metamorphosis 
of such a tumor — Cushing and Bailey’s ‘‘hemangioblastoma,”’ or 
Roussy and Oberling’s ‘‘angioréticulome.”’ It would, under this 
hypothesis, constitute a retotheliosarcoma, or reticulosarcoma under 
the old terminology. One should avoid the use of the term “‘endo- 
thelioma”’ in speaking of such a tumor in order to escape the con- 
fusion that might arise between it and an ‘“‘endothelioma of the 
dura.”” Many of the tumors described by Roulet as occurring in 
lymphoid tissue are so strikingly similar to ours in their appearance, 
that his Figs. 1, 2, 5, 6, ro and 11 might have been taken from fields 
in our sections. There is no record of lymph node enlargement any- 
where in our case and the spleen has only recently become palpable, 
which might be explained on the basis of a simple toxic splenitis. 
The chance of the tumor’s arising in that organ seems to be remote, 
in view of the history and of the large size of the brain tumor before 
splenic enlargement was apparent. 


SUMMARY 


A large tumor is reported, occurring in the left cerebral hemis- 
phere of ag year old girl. The growth is described in detail and 
seems to have originated in the perivascular and intervascular reto- 
thelium. It differs from tumors hitherto described in its site, its 
manifestly malignant nature and more marked pleomorphism. 
Such tumors usually occur in the base of the brain, the hind brain, 
or the spinal cord; this one was deeply embedded in the left temporo- 
parietal region. It shows extremely abundant mitoses and equally 
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marked variation in the size, shape and nature of its cells. It con- 
tains an abundant reticulum and its cells show marked lipoid infil- 
tration of the ‘‘xanthomatous type.”’ We believe that we have ruled 
out nervous or neuroglial origin by means of specific methods of im- 
pregnation and staining. 

There is no evidence of a primary tumor elsewhere in the body, as 
determined by physical examination, and the symptoms in the case 
have been exclusively referable to intracranial pressure, no other 
symptoms having been observed in an otherwise healthy and normal 
child. 
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DESCRIPTION OF PLATES 


The photomicrographs were all taken by Prof. J. B. Homan of our Depart- 
ment of Medical Art, with the assistance of the author. 


PLATE 22 
- a Fic. 1. Low power view of a field impregnated with silver nitrate. This shows 
a the cell morphology and demonstrates the arrangement of the supporting 


tissue. 200. 


Fic. 2. High power view of a group of giant cells stained with phosphotungstic 
acid hematoxylin. Notice the clusters of small nuclei in some of the 
syncytia (8 microns in diameter). The large cell at the center, with a necro- 
biotic nucleus, measures 128 microns in length, the large nucleus just below 
it 32 microns and the darker nucleus below this 24 microns. x 800. 
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Foot Retotheliosarcoma of Cerebral Hemisphere 


Fic. 


Fic. 


PLATE 23 


3. High power picture to show the reticulum in a section (Foot and Foot 
impregnation). One mitotic figure is present. The cells are more uniform in 
size and shape and resemble retothelial cells more closely than do the 
syncytia shown in the other figures. x 800. 


4. High power field from a frozen section stained with scarlet R and hema- 
toxylin and photographed with a blue filter that makes the cellular detail 
insignificant while it emphasizes the lipoid droplets. The large cell, heavily 
laden with fatty material, measures 92 microns in its long diameter. 
x 800. 
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EXPERIMENTAL STUDY OF THE EFFECTS OF POTASSIUM 
BICHROMATE ON THE MONKEY’S KIDNEY * 


WarreEN C. Hunter, M.A., M.D., AND JOE M. Roserts, A.B. 


(From the Department of Pathology, University of Oregon Medical School, 
Portland, Ore.) 


Of the various metallic salts which have been most commonly em- 
ployed as nephrotoxins experimentally, potassium bichromate stands 
as a rather poor third, being preceded by uranium nitrate and mer- 
curic chloride. Undoubtedly there are good reasons for its lack of 
popularity but these are not often mentioned in the writings. From 
certain remarks in the literature one suspects that the chief objec- 
tions to chromium compounds are the marked local irritative and 
corrosive properties and the violent gastro-intestinal manifestations. 
When administered subcutaneously compounds of chromium are 
quite likely to cause severe necrosis and sloughing at the point of in- 
oculation, even though comparatively dilute solutions are employed. 
The same is of course true for corrosive sublimate. With both chro- 
mates and sublimate it is difficult to obtain constant results so far as 
the kidney is concerned because much of the poison may be held up 
at the point of entrance into the body in one animal, while in an- 
other quite the opposite may be the case. Ophiils! long ago recog- 
nized the irritative effect of potassium chromate and sought un- 
successfully to overcome it by mixing with the solution an equal 
amount of sodium carbonate. In a previous communication Ophiils ? 
had observed the inconstancy of tubular necrosis in the kidneys of 
rabbits receiving quite large amounts of potassium bichromate. 

The chromates have almost universally been regarded as pure 
tubular poisons, in contrast to uranium and mercury compounds 
which admittedly give certain evidences of damage to the glomeruli. 
Among the earlier descriptions of the renal lesions produced by 
chromic compounds that of Thorel * stands out because of his recog- 
nition, careful description and excellent illustration of the regenera- 
tive process in the affected tubules. 

* Aided by a grant from the American Medical Association. 

Read before the Sixteenth Annual Clinical Session of the American College of 


Physicians, San Francisco, Calif., April 4-8, 1932. 
Received for publication June 1, 1932. 
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There is rather general agreement in the literature that the chro- 
mates, like other metallic poisons, affect the proximal convoluted 
tubules predominantly or wholly. In his great work on the mor- 
phology of kidney secretion Suzuki‘ found that potassium bichro- 
mate damaged primarily the first and middle divisions of the proxi- 
mal convoluted tubules, although if larger doses were administered 
the more distal part of the tubule was affected as well. Later Oliver ® 
and still more recently Jessen ® have confirmed Suzuki’s observations 
in this respect. 

As with uranium, practically all that is known about the renal 
manifestations of chromic compounds has been gained from experi- 
mental studies. In one of the earliest contributions in this field 
Kabierske ‘ mentions the common employment of chromium as a 
tissue caustic in human beings, and instances of severe poisoning re- 
sulting therefrom. Major * has recorded a case of fatal chromic acid 
poisoning occurring in a man suffering from cancer of the cheek, 
treated after curettage with crystals of this substance. In view of the 
great rarity of such accidents it may be of interest to list some of the 
more salient clinical features of this case. The next day after appli- 
cation of the acid, the urine, which had previously been normal, con- 
tained 4 gm. of albumin per liter. Three days later the quantity had 
increased to 7.30 gm. per liter with hyaline and granular casts, red 
blood cells and numerous degenerated epithelial cells. After about 
forty-eight hours an almost complete anuria developed, but later the 
urine output was high and of low specific gravity. Death occurred 
on the twenty-ninth day, the blood urea at this time being 340 mg. 
and the creatinin 17 mg. per 100 cc. of blood. A definite acidosis de- 
veloped but yielded readily to alkali therapy. At autopsy the kid- 
neys presented a mottled appearance with the cortex swollen and the 
glomeruli very indistinct. ‘There was no ascites or anasarca. Micro- 
scopic examination disclosed extensive destruction of the tubular 
epithelium with débris in the lumen and great swelling of the intact 
epithelial cells, especially in the convoluted tubules. Although a few 
mitotic figures were present in the cells of the affected tubules evi- 
dences of regeneration were not striking. For the most part the 
glomeruli appeared normal and in general the microscopic appear- 
ance was that of a pure tubular nephritis. Bernard * quite recently 
has described the clinical aspects of two instances of chromate 
poisoning in the human, one from his own practice, the other that of 
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Jonsson.” Both patients recovered after a stormy illness during 
which severe gastro-intestinal disturbances, characterized by vomit- 
ing and diarrhea, were as prominent a part of the clinical picture as 
the kidney disease. In each instance the poison had been taken by 
mouth. 

MacNider ™ in a general review of acute experimental nephritis 
has well summarized the general opinion concerning the acute effects 
of chromate upon the kidney in the following words: 

‘7. The chromates induce a renal injury which is primarily tubu- 
lar and affects in particular the epithelium of the convoluted tu- 
bules. Late in such a nephritis the glomeruli participate in the 
injury. 

2. Secretory diuretics such as caffein, theocin, and theobromine 
sodium-salicylate are of no value and may be injurious. 

3. The chromates lead to a rapid reduction in urine formation, an 
inability of the kidney to eliminate phenolsulphonephthalein, and a 
retention of chlorides, blood urea, non-protein nitrogen and crea- 
tinin. 

4. The chromate nephritis is associated with the development of 
an acid intoxication which is likely a retention phenomenon and 
which is not favorably influenced by the use of an alkali.” 


EXPERIMENTAL METHODS 


Our interest in potassium bichromate as a nephrotoxin was 
aroused by the statements of Suzuki and others to the effect that it 
exhibits a selective affinity for a different division of the proximal 
convoluted tubule than uranium and sublimate, salts previously em- 
ployed by Hunter ™ ® in an investigation dealing with acquired re- 
sistance of regenerated tubular epithelium to metallic salts. 

In view of Suzuki’s statement that regenerated tubule cells after 
chromate poisoning were less resistant to subsequent and increased 
injections of the same poison we wished to determine if possible why 
this should occur with chromium compounds, whereas the opposite is 
true after injury by uranium and mercury. It appeared also that if 
potassium bichromate damages the end of the proximal convoluted 
tubule opposite to that injured by uranium such a localization would 
afford opportunity of observing the mode of epithelial regeneration 
and perhaps solve the problem as to the origin of the atypical flat- 
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tened cells, which in our experience were always found after poison- 
ing with uranium and mercury. 

Having available kidney material from normal monkeys and six 
living animals (Macacus rhesus) it was decided to utilize them for the 
problem after some rather disappointing preliminary experiments 
with rabbits. No attempt was made in either rabbits or monkeys to 
control the acidosis known to result from acute chromate poisoning, 
because we wished to produce as marked kidney damage as possible. 

The essential data relating to dosage, duration of the experiments, 
clinical course and fate are summarized in Table I, but since the 
number of monkeys in the series is small it may be permissible to de- 
scribe the findings in each case separately. 


Monkey 1 


Preliminary experiments with rabbits had shown that 1 cc. of a 
2 per cent aqueous solution (0.02 gm.) per kilogram of body weight 
administered subcutaneously was near the lethal dose of potassium 
bichromate for this animal. Lacking available data as to the amount 
required to kill a monkey the first animal was given the same quan- 
tity per kilo as had been used for rabbits (36.3 cc. containing 0.726 
gm. K,Cr,O;). The rapidly fatal termination indicated that the dos- 
age was far too great and that if subsequent experiments were to 
succeed the quantity must be decreased appreciably (Table I). 

Macroscopically the kidneys displayed no changes. 

Microscopic Examination: The epithelium of the entire proximal 
convoluted tubule stains faintly with eosin. Under high power the 
finer structure of the cytoplasm appears quite indistinct, the granules 
rarely being plainly outlined. The nuclei are unchanged. Only occa- 
sional cells show actual necrosis and desquamation. The lumina of 
many tubules contain a flocculent bluish substance but no distinct 
cast formation is noted in any of the tubules. The intertubular ves- 
sels of the cortex and medulla are almost uniformly engorged with 
blood. The glomerular capillaries, however, are frequently devoid of 
blood and it is rare to find more than two or three distended loops in 
any one glomerulus. The glomeruli for the most part do not fill the 
capsular space, which, aside from the presence of a few erythrocytes 
in a number of instances, contains no stainable material. In sections 
stained with hematoxylin and eosin it is difficult to distinguish 
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glomerular epithelial and endothelial cells because of the indistinct- 
ness of the basement membrane. The majority of the glomerular 
nuclei stain almost black with hematoxylin, indicating pyknosis. 
Even with the aid of the azocarmine stain it is not always possible to 
determine whether the pyknotic nuclei belong to epithelial or endo- 
thelial cells, but it appears that both are affected. The glomerular 
basement membrane stains faintly in comparison to that of the 
tubules. It does not appear to be split or beaded. Numerous orange- 
colored, droplet-like bodies of various sizes lie in the glomerular 
epithelial cells and capillary basement membrane. 


Monkey 2 


This animal received a single injection of 10 cc. of 2 per cent po- 
tassium bichromate (0.2 gm.); death occurred within 14 hours 
(Table I). The kidneys appeared normal grossly, but in micro- 
scopic sections there is evidence of damage to the epithelium of the 
entire proximal convoluted tubule, equally severe in all of the several 
divisions. The cell nuclei are condensed, small, deeply stained and 
not infrequently broken into granular bits, while the cytoplasm is 
swollen, filled with tiny vacuoles and narrows the lumen, in which 
there are frequently homogeneous hyalin-like eosinophilic masses 
varying in diameter but often about the size of an erythrocyte. The 
cells lining the other tubules are intact and unchanged with coarsely 
granular, acidophilic material present in their lumina, particularly 
the collecting ducts. 

The glomeruli more nearly fill the capsular space than in Monkey 
1, by reason of a greater blood content. The capsular spaces are 
empty. Azocarmine preparations reveal a diminution of both glo- 
merular epithelium and endothelium, with a poorly stained, frayed 
and beaded capillary basement membrane. Droplets like those 
described in Monkey 1 are again numerous. 


Monkey 3 


Over a period of 71 days the monkey received four injections of 
potassium bichromate, totalling 14 cc. (0.28 gm.) Death came soon 
after the final administration of the drug. Further details of the ex- 
periment will be found in Table I. 
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The gross appearance of the kidneys was normal. 

Microscopic Examination: Sections stained with hematoxylin and 
eosin disclose coagulative necrosis of the epithelium throughout the 
length of practically all proximal convoluted tubules. The degree 
of necrosis varies but generally is complete, often with a loss of in- 
dividual cell outline. Nuclear pyknosis and karyorrhexis is evident 
everywhere in the involved tubules and all divisions of the proximal 
convoluted tubules appear to be equally affected. Much of the epi- 
thelium lining the other tubular units has desquamated, apparently 
as a result of postmortem changes. In the labyrinths the nuclei of 
the tubular cells stain unusually deeply with hematoxylin while the 
cytoplasm is distinctly acidophilic. About a few glomeruli are groups 
of relatively small and somewhat compressed tubules lined by flat- 
tened or low cuboidal epithelium with basophilic cytoplasm, repre- 
senting segments of proximal convoluted tubules affected by earlier 
injections in which regeneration has taken place. Such tubules are 
encompassed by an abundance of connective tissue. The collecting 
tubules contain granular epithelial casts with an occasional pyknotic 
nucleus still present. Hyaline casts occur in certain of the collecting 
ducts. There is little blood in either the intertubular or glomerular 
vessels. The capsular spaces are large and empty. The majority of 
glomerular epithelial and endothelial nuclei are small and heavily 
stained. No apparent alterations are observed in the capillary base- 
ment membrane. 


Monkey 4 


As will be seen in the table this animal succumbed 12 hours follow- 
ing a dose of but 2 cc. (0.02 gm.) of potassium bichromate, after hav- 
ing recovered from the effects of a previous injection of 1 cc. of the 
same substance. 

At autopsy the kidneys appeared normal. 

Microscopic Examination: Sections reveal an intense swelling of 
the cells lining the entire proximal convoluted tubule, as evidenced 
by the increased granularity and pronounced acidophilic character 
of the cytoplasm. The nuclei show little change except beginning 
chromatolysis in some instances. Oftentimes the swelling is sufficient 
to close the lumina of affected tubules. In three places the origin of 
proximal convoluted tubules is made out and it can be demonstrated 
that the cells here are damaged in the same way and to the same ex- 
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tent as those farther along the tubule. Regenerative activity is not 
in evidence. None of the tubules contain casts. 

The glomeruli are of average size and contain a moderate amount 
of blood. An increase of nuclei in the tufts and of the cells forming 
Bowman’s membrane is present in all glomeruli with capillaries open 
sufficiently to permit a cell count. In addition the azocarmine stain 
demonstrates slight fraying and beading of the capillary basement 
membrane. 


Monkey 5 


Starting with an initial dose of 1 cc. of potassium bichromate the 
animal received altogether five injections (total o.32 gm.), dying 
about 20 hours following the final administration and 160 days after 
the beginning of the experiment (see Table I for further details). 

Macroscopically the kidneys are of average size, but on stripping 
the capsules there are seen on the cortical surface several small and 
shallow pit-like depressions. 

Microscopic Examination: All blood vessels, including the glo- 
merular capillaries, are fairly well filled. In the cortex there is evi- 
dence of very grave injury of the cells lining the convoluted tubules, 
distal as well as proximal. Although a good many such cells preserve 
their outlines well and retain their nuclei very few fail to show in- 
creased acidophilia of the cytoplasm and varying degrees of nuclear 
chromatolysis. The more frankly damaged cells exhibit coagulation 
of the cytoplasm and extreme condensation of the nuclei. Many are 
either in the process of desquamation or have already become loos- 
ened and lie free in the lumina. In a great many convoluted tubules 
cellular necrosis is complete with granular, pinkish detritus and frag- 
ments of nuclei lying inside the denuded and barren basement mem- 
brane, external to which are elongated, deeply staining nuclei of the 
interstitial connective tissue (Fig. 1). As yet there is no sign of re- 
generation of epithelium in the affected tubules, which is readily 
accounted for by the fact that the animal died less than one day 
following the last injection. Histologically it seems rather clear that 
only epithelium of the original and normal type has been affected by 
the nephrotoxin, since there are many tubules, which from their po- 
sition in the labyrinths and proximity to glomeruli must be of the 
proximal and distal convoluted type, covered completely by an en- 
tirely different type of cell displaying no histological evidence of 
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injury. These tubules vary greatly in size and shape, are often small, 
irregular and tortuous, less frequently large and dilated. Always the 
lining epithelium is atypical for this location in that the cytoplasm 
is invariably basophilic and the cells are nearly all either flattened or 
low cuboidal. The nuclei are generally oval with the long diameter 
in the direction opposite that of the tubule, and contain a single large 
and prominent nucleolus. Individual cell borders are often obscure, 
suggesting a syncytium. Patency of the tubules is indicated by the 
presence of necrotic cells within their lumina. In places the new cells 
have grown over and enclosed bits of necrotic cellular débris staining 
brilliantly with eosin, in marked contrast to the bluish living cyto- 
plasm about them. Rarely they are taller than normal, in palisade 
arrangement or heaped up in mounds. Calcification is lacking. 
Rarely a nucleus is observed in the process of mitotic division. In 
areas where entire groups of convoluted tubules have been relined 
by regenerated epithelium there is a distinct increase of interstitial 
tissue with slight lymphocytic infiltration. Henle’s loop and the 
collecting ducts are filled with casts, mostly hyaline but sometimes 
vacuolated and apparently fatty. 

The glomeruli fill the capsular spaces fairly well. Often the cap- 
sular epithelium seems to be increased but does not form epithelial 
crescents. In three instances erythrocytes are found in the capsular 
space. Under oil immersion a count of five glomeruli reveals 60, 59, 
71, 56 and 73 capillary epithelial cells, a greater number than in any 
other animal of the series. The endothelial cells number 16, 16, 18, 
16 and 18 in the same glomeruli. Their nuclei appear to be pyknotic. 
The basement membrane is slightly but definitely split and beaded. 
Coarse and fine hyaline droplets are numerous. 


Monkey 6 


The duration of this experiment was 163 days, the animal being 
killed 3 days after the final subcutaneous injection of 5 cc. of 2 per 
cent potassium bichromate (0.32 gm. total). In Table I will be 
found the amounts of the previous doses. 

The gross appearance of the kidneys is quite like that described for 
Monkey s. 

Microscopic Examination: Microscopically there is evidence that 
the last dose of bichromate found little vulnerable epithelium on 
which to act, for nearly all convoluted tubules, both promixal and 
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distal, are found to be fully covered by cells of the regenerated type 
and only a comparatively few have been stripped bare of epithelium 
(Fig. 2). These show the usual picture of pyknosis and karyolysis of 
nuclei, coagulation of the cytoplasm and detachment from the mem- 
brana propria. The great majority of convoluted tubules are lined 
by atypical epithelium and are of all sizes and shapes, but tend to 
have large and dilated lumina almost invariably filled with granu- 
lar, pinkish-staining débris. Oftentimes bits of such débris, and 
occasionally an entire necrotic cell with a shrunken nucleus, are 
found to have been overgrown by the proliferating new cells. Many 
of the regenerated cells are elongated, flattened and show little or no 
tendency to individuality. Frequently they are cuboidal and some 
even approach the normal morphology with spherical nuclei located 
near the base. Always, however, the cytoplasm is bluish. In some 
instances the basophilia is faint, but when such cells are examined 
under higher magnification it is found that the pinkish tinge is due 
to the presence of fragments of original epithelium enclosed by the 
new epithelium. Not infrequently regeneration has been excessive, 
the cells piling up in layers and partially or completely occluding the 
lumina. Mitoses are numerous and the majority of the nuclei are 
hyperchromatic (Fig. 3). There are numerous hyaline and fatty 
casts in the collecting ducts. Several sections include the glomerular 
end of proximal convoluted tubules and in all of these the lining cells 
are of the atypical flat or cubical regenerated variety. The interstitial 
tissue is slightly increased. The intertubular vessels contain a normal 
amount of blood. Although the capsular epithelium is increased in 
occasional glomeruli this is not striking or generalized. A few of the 
subcapsular spaces contain erythrocytes (Fig. 4). Capillary epi- 
thelial cells are more numerous than in the normal control kidney 
but are fewer than in the glomeruli of Monkey 5. Otherwise these 
cells are unchanged, but the endothelial nuclei stain deeply. The 
basement membrane of the glomerular capillaries is thickened and 
frayed. ‘‘Hyaline droplet” degeneration is well marked. 


DISCUSSION 


From the foregoing descriptions it is quite evident that the kid- 
neys of Monkeys 1 to 4 exhibit only acute lesions, Monkey 5 both 
acute and chronic damage, and that Monkey 6 is the only animal in 
which a truly chronic stage of renal disease was obtained. 
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The effect of potassium bichromate in the dosages employed is not 
restricted to the two segments of the proximal convoluted tubule 
nearest the glomerulus, but on the other hand is clearly diffuse 
throughout the length of the tubule. The effect upon the tubular 
cells is quite like that of uranium nitrate and mercuric chloride. 
Early there is swelling, vacuolization and increased acidophilia of the 
cytoplasm and either pyknosis, karyolysis or karyorrhexis of the 
nuclei. As necrosis becomes complete many cells lose their connec- 
tion with the basement membrane, fall into the lumen, and with 
others form loose granular masses which become more compact and 
hyaline-like as the casts pass through the loop of Henle. 

The irregularity of absorption of bichromate after subcutaneous 
injection is well illustrated by the difference in the renal lesions of 
Monkeys 5 and 6, receiving like quantities of poison over the same 
number of days. In the kidney of Monkey 5 the comparatively few 
tubular segments with regenerated cells indicates that up to the 
time of the final dose not a great deal of tubular epithelium had been 
destroyed. The animal died about twenty hours following the last 
injection. Previous experience with uranium and mercury had 
shown that regenerative activity cannot be expected before four to 
five days after administration of these substances and none was 
present in this case. On the other hand in the kidneys of Monkey 6 
practically all of the original epithelium of both proximal and distal 
convoluted tubules must have been destroyed before the last dose 
was given, as evidenced by the presence of numerous new and unin- 
jured cells and but few of the original type. All of the latter cells 
exhibit varying degrees of necrosis. It is significant that histological 
evidence of injury to regenerated epithelium is lacking, in spite of 
repeated injections of increasing size, while the original cells display 
frank and widespread necrosis. In this respect our observations do 
not coincide with those of Suzuki, who found a lack of resistance of 
newly formed tubular cells following bichromate poisoning. Our re- 
sults indicate that such cells are resistant to potassium bichromate in 
much the same manner as Hunter ” '° had previously observed fol- 
lowing the use of uranium and mercury. 

Another interesting feature is the involvement of both proximal 
and distal convoluted tubules so strikingly apparent in Monkey 6. 
A careful study of the epithelial covering of these tubules reveals 
many cells in different stages of mitotic division, often already sur- 
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rounded by fully formed basophilic cells, but sometimes standing 
alone and stretching out to cover a partially persistent defect. The 
dividing nuclei belong to cells of the regenerated type, as shown by 
the strongly basophilic cytoplasm, a feature peculiar to renal epithe- 
lium formed after destruction of the original cells. From personal 
experience with uranium and mercury nephropathies we are able to 
say that cytoplasmic basophilia persists over a period of many 
months and is of greater value in distinguishing new from original 
cells than any other single criterion. Not infrequently the regener- 
ated cells of bichromate and bichloride kidneys re-assume to a cer- 
tain extent the normal cuboidal form, but the bluish coloration. of 
the cytoplasm remains as a permanent marking. The importance of 
this feature seems rather generally to have been overlooked, al- 
though it was depicted clearly by Thorel in 1903 and again described 
by Oliver in 1915. 

A further point of much interest is the morphology assumed by 
regenerated tubular epithelium. Long ago Suzuki noted the flat- 
tened character of tubular epithelium formed after uranium poison- 
ing and advanced the opinion that it might represent an ingrowth of 
cells from the thin limb of Henle. Somewhat later Oliver made the 
same observation as to the morphology, but felt that flattening was 
due to hindrance by the connective tissue proliferation which de- 
veloped conjointly with the epithelial changes. Oliver saw even in 
severe cases where the tunica propria was practically denuded a per- 
sistence of a few cells with normal nuclei but altered cytoplasm, from 
which he believed regeneration took place. An occasional mitotic 
figure was found in the slightly damaged first division of uranium 
kidneys, but there was even less proliferation of the cells lining the 
thin limb of Henle’s loop. Later still Hunter ” confirmed Oliver’s 
observations. Quite recently MacNider “ has asserted that in dogs 
poisoned with uranium nitrate more than one kind of repair may be 
instituted to replace the loss of cells in the proximal convoluted 
tubules. When the initial injury was not too severe, as measured 
functionally by the severity of response and rapidity of recovery, the 
type of repair was found to be affected by the formation of cells from 
preéxisting tubular epithelium normal for the location of the injury. 
A subsequent injection of uranium caused necrosis of this normal 
form of regenerated cell and indicated a lack of resistance or even in- 
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creased susceptibility if the dogs were pregnant. A second variety of 
repair consisted in a replacement of convoluted tubular cells by 
flattened atypical forms ‘‘originating as an ingrowth from below . . . 
less specialized in structure and apparently in function”’ (see page 
429). The latter form MacNider recognized as resistant to uranium 
and felt that its development might constitute a part of the defense 
mechanism of the kidney. Although MacNider does not state the 
exact source of the flattened cells the inference is that the flattened 
cells come from the descending limb of Henle’s loop. We are unable 
to subscribe to this view, but rather agree with Oliver that flattening 
is probably the result of connective tissue proliferation, which we 
have found not only after damage of the kidney by uranium, but 
also to a slight extent with potassium bichromate. Further, it is not 
unreasonable to assume that regenerating renal tubular epithelium 
may possess the faculty of elongation in order to fill in defects 
quickly and establish continuity in much the same manner as Hart- 
well ® has shown takes place in the healing epidermal wounds. Still 
another factor tending to produce flattening is pressure exerted by 
casts within the lumina of affected tubules. Moreover, as we have 
described in one animal (Monkey 6), not only is the entire proximal 
convoluted tubule lined by cells of the atypical, and in part flattened, 
type but the distal convoluted tubule as well. If then, as is true in 
this instance, the ascending limb of Henle’s loop has normal epithe- 
lium it would be quite impossible for an ingrowth of cells from below 
to take place. Certainly the new epithelium covering the distal con- 
voluted tubules must have originated from preéxisting cells at this 
point, yet the morphology of the cells is identical with those in the 
proximal convoluted tubule. 

Frequently the newgrowth of epithelium in bichromate nephrop- 
athy is excessive, the cells heaping up in mounds forming syncytial 
giant cells or being laid down in layers. Although the intent of such 
regenerative activity is good, harm may result from narrowing or 
occlusion of the lumen. 

A point of great similarity between the renal picture of bichromate 
and mercuric nephropathies is the failure of necrotic cells to be 
swept out of the tubules promptly. Often remnants remain at the 
site of injury for some time after regeneration has begun and are 
bridged over by new cells, giving the impression of phagocytosis. 
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The inclusions are readily recognized by their strong eosinophilic 
staining, contrasting sharply with the bluish cytoplasm of the regen- 
erated epithelium. 

Potassium bichromate, like uranium nitrate and mercuric chloride, 
produces glomerular changes which are demonstrable with the aid of 
the azocarmine stain. A detailed description of these alterations will 
be found in another paper.’* In this communication it is sufficient to 
state that in acutely damaged kidneys there is a diminution in the 
number of glomerular epithelial and endothelial cells, hyaline droplet 
degeneration, and sometimes fraying and beading of the capillary 
basement membrane. The chronic stages are marked by an increase 
of epithelial cells, thickening, fraying and splitting of the basement 
membrane. In the small series of monkeys studied the glomerular 
lesions are less constant and less severe than those in rabbits re- 
ceiving uranium nitrate and mercuric chloride. 


SUMMARY 


1. Potassium bichromate in dosages employed in the foregoing 
experiments with monkeys affects diffusely the proximal and distal 
convoluted tubules and glomeruli of the kidney. The type of injury 
is quite comparable to that induced by uranium nitrate and mer- 
curic chloride. 

2. The drug is locally corrosive when administered subcutane- 
ously and the quantity absorbed varies considerably in different 
animals of the same species. Definitely chronic renal lesions were 
obtained in but one animal out of six. 

3. Following repeated injections of potassium bichromate there 
occurs a regeneration of tubular epithelium of distinctly atypical 
morphology which is resistant to further injury by the nephrotoxin. 
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DESCRIPTION OF PLATES 


PLATE 24 


Fic. 1. Photomicrograph of a representative area from the kidney of Monkey 5. 


Fic. 


Three segments of a convoluted tubule to the left of the glomerulus show 
complete epithelial necrosis, leaving only the barren membrana propria and 
nuclei of interstitial cells to mark the outlines of the tubules. Alongside 
these and near the corner is a segment of a tubule showing the hyperchro- 
matic nucleus and scanty cytoplasm of a newly formed epithelial cell. To 
the right of the glomerulus are two convoluted tubules fully relined with 
atypical regenerated epithelium, and slightly below them is another con- 
taining a syncytial multinucleated giant cell. Three convoluted tubular seg- 
ments in the upper right hand margin exhibit evidences of epithelial injury 
— nuclear pyknosis and karyolysis and swelling of the cytoplasm. 


2. Low power photomicrograph from the kidney of Monkey 6 showing a 
labyrinth with portions of a medullary ray on either side. Few, if any, proxi- 
mal or distal convoluted tubules retain the original form of epithelium, but 
instead are lined by flattened or irregularly shaped cells. Certain of the 
tubules are dilated and contain hyaline casts, others are filled with granular 
débris. Hematoxylin and eosin stain. 
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PLATE 24 
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PLATE 25 


Fic. 3. Monkey 6. Photomicrograph from a section stained with hematoxylin 
and eosin. High power. The varied morphology of regenerated convoluted 
tubular epithelium is well exemplified in this field. The lining epithelium of 
the three tubules containing mitotic nuclei (indicated by arrows) is dis- 
tinctly irregular and almost occludes the lumina. In Tubules 1, 2, 3, 4 and 
5 the regenerated cells are quite flat and their basophilic cytoplasm stains 
deeply. A and B are tubules in which complete necrosis has occurred. Note 
the lack of evidence of injury to regenerated epithelium. 


4. Another field from the same section as Fig. 3. Note erythrocytes and 
albumin in subcapsular space, pyknosis of glomerular endothelial and 
epithelial nuclei and slight increase of interstitial tissue external to glomer- 
ulus. On the left are three convoluted tubules almost occluded by an 
overgrowth of atypical regenerated epithelium. The arrows point toward a 
fragment of a necrotic cell over which new epithelium with dark basophilic 
cytoplasm is beginning to grow. 
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CORRECTION 


In Volume IX, No. 1, on page 116 the two statements beginning 
in the third line of the third paragraph should read as follows: ‘““The 
narrow margins of cytoplasm contain oxydase granules. Other 
cells similar, but with no granules, resemble the hemocytoblasts of 
Maximow.” 
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